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Abstract
A NON-DERIVATIZATION APPROACH TO HPLC FLUORESCENCE 
DETECTION FOR SOME IMPORTANT AM INO GROUP-CONTAINING 
COMPOUNDS BASED ON A LIGAND DISPLACEMENT REACTION
b v  
M in Y ang
U niversity o f  N ew  H am pshire . D ecem b er. 2000
D etection o f  som e im portant am ino g roup -con ta in ing  com pounds such as am ino acids, 
aliphatic b iogen ic am ines and am inoglycosides can  p resen t difficulties since these 
com pounds do no t possess strong fiuorophores o r ch ro m o p h o res. A novel indirect 
fluorescence detec tion  m ethod for these com pounds h as  b een  developed, tak ing  advantage 
o f  the fact th ey  form  com plexes w ith Cu2- ions. T he re a c tio n  betw een these  com pounds 
and a C u(II)- L -trvptophan com plex (C u(L -T rp)2) in so lu tio n  results in the displacem ent
Reproduced w ith permission o f the copyright owner. Further reproduction prohibited w ithout permission.
o f  L-Trp from the com plex  and an increase in L-Trp fluorescence, since the fluorescence 
o f  L-Trp is quenched  in the C ufll) com plex. The increase in L-Trp fluorescence is taken 
as the m easure o f  th e  presence o f  these am ino  group-contain ing  com pounds. This 
detection schem e has been interfaced to a H PLC system , by adding a buffered C u(L- 
T rp ); solution to the colum n effluent via a postcoium n m ixing tee.
The detection system  w as optim ized both theoretically  and experim entally, taking 
into consideration tha t relevant equilibria existing in the solution that may affect the 
detection. The pH w as found to be the m ost im portant detection  param eter, affecting  
detection  in several w ays, including: !). C u d I)-  L-Trp com plexation: 2). Free L-Trp 
fluorescence effic iency: and 3). CutII) - analyte com plexation. Chrom atographic 
experim ents w ere perfo rm ed  to determ ine the pH w hich provides the optim um  S/N  levei. 
O ther factors, such as the postcoium n reagent flow rate, and the effect o f  organic solvent 
m odifier, were also studied.
This approach p rov ides several advantages com pared to o ther m ethods used to detect 
these analytes. D etec tion  limits are reasonably good, generally  on the order o f  low  pmol 
injected. Linearity ranges to nmol injected. O ur experience also indicates that small 
postcoium n mixing volum es which introduce minim al postcoium n bandbroadening can be 
used. Sim plicity and robustness are am ong the other advantages o f  this approach to 
analy te  detection.
x I
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Chapter 1 
Introduction
The detection o f  sm all am ino  group-containing com pounds has been stud ied  
extensively since high perfo rm ance liquid  chrom atography was in troduced in the  early 
I970 's [I]. These com pounds p lay  im portan t roles in hum an b iological ac tiv itie s  and 
pharm aceutical studies. For instance, am ino acids are the essential com po n en ts  o f  
proteins and are present in a w ide range o f  samples, such as biological tissues and  fluids, 
foods and industrial p roducts  [2], Im provem ents in am ino  acid analysis an d  protein  
sequencing m ethodology are  essential for the continued advancem ent o f  m any  areas o f  
biotechnology and genetic engineering  [3]. Aliphatic biogenic diam ines and  polyam ines are 
naturally  occurring com pounds [ 4 - 6 ] .  Biogenic polyam ines. such as sp erm id in e  and 
sperm ine, are im portan t for rap id  tissu e  grow th with th e ir  concentrations re la ted  to 
several param eters o f  cell p ro lifera tion , such as the concentrations o f  p ro te in s  and  nucleic 
acids [7], Biogenic polyam ines are also  im portant in cancer studies as the po lvam ine 
patterns o f tum or cells are sign ifican tly  different from those  o f  norm al m u sc le  tissues [8]. 
T he am inoglycoside an tib io tics, w hich  have been used as pharm aceuticals since  the 
d iscovery  and clinical use o f  s trep tom ycin  in 1944 [9]. a re  another im portan t c lass o f  
am ino group-containing com pounds. The am inoglycosides have been w idely  used to treat 
serious infections [10].
Traditionally. H PLC analysis o f  these amino group-containing com pounds involves
Reproduced with permission of the copyright owner. Further reproduction prohibited w ithout permission.
either p reco lum n or postcoium n deriva tiza tion . due to  the ir lack o f  strong ch rom ophores 
or fluorophores [11]. Figures 1.1. 1.2 and 1.5 g ive the m olecular structures o f  several 
natural am ino  acids, representative b iogenic po lyam ines  and am inoglycosides. For the  
natural am ino  acids, the carboxyi group and the am ino  group have weak L’Y abso rp tiv ities  
at 200 - 210  nm and 185 nm. respectively . U nfo rtunate ly , com pounds with ab so rbances 
below  220  nm . and particularly  below  200  nm . are o ften  difficult to detect w ith a U V -V IS  
detecto r in H PLC because o f  an overw helm ing ly  large background absorption due to  the 
m obile phase [ 1 ]. On the other hand, m ost o f  the b iogen ic  polyam ines and 
am inog lycosides do not have any unsaturated  functional groups, w hich are necessary  fo r 
direct L 'Y -Y IS detection. Basically speaking, deriva tiza tion  means reacting the analy te  
w ith a su itab le  derivatization reagent to p roduce a  s tro n g  U Y-absorbing o r fluorescing 
product. C om m only used derivatization reagen ts inc lude ninhydrin [12. 13]. 
o -ph thaldehyde [14. 15]. and 7-nitrobenzo-2-oxa-1 .3  diazole (XBD) - halide [16]. S evera l 
deriva tiza tion  reactions for am ino acids and  am ines are given in Figure 1.4. D erivatization  
may o ccu r e ither before (precolum n deriva tiza tion ) o r afte r (postcoium n derivatization) 
the chrom atograph ic separation takes p iace. P reco lum n and postcoium n derivatization  
techn iques each  have specitic d isadvantages associa ted  w ith  their use [17], For p reco lum n  
deriva tiza tion . the problem s include:
1. Sam ple preparation m ay be tim e-consum ing and  labor-intensive.
2. B yproducts  m ay be form ed as a function o f  the reac tion  period, w hich is often long.
Reproduced w ith permission of the copyright owner. Further reproduction prohibited w ithout permission.
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Figure 1.1: Representative molecular structures of several natural amino acids
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Figure 1.2: M olecu lar structures o f  selected  biogenic polyam ines
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
N H , OH w 
H NHCOCHCH,CH,NH
^ / o h
Neomycin Amikacin Kanamycin A
R=NH2 Kanamycin B
F ig u re  1.3: M olecular s t r u c tu r e s  of se le c te d  a m in o g ly c o s id e s




X = Cl orF
(ci
Figure 1.4: (a) The derivatization reaction of ninhvdrin with amino 
acids: (b) and (c) The derivatization reactions of o-phthaidehyde and 
N'BD-haiide with amino-containing compounds.
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This results in the presence o f  additional chrom atographic peaks, w h ich  may mask the 
presence o f  the analytes. C hrom atographic peaks due to an excess o f  the denvatization 
reagent m ay also be present.
3. The derivatives may degrade under the specified chrom atographic conditions.
4. The various sam ple com pounds becom e m ore sim ilar by derivatization . so the 
chrom atographic selectiv ity  m ay be lower.
For postcoium n derivatization. the d isadvantages include:
1. A dditional hardw are is often required and troubleshooting m ay be m ore complex. A 
biock d iagram  o f  a typical postcoium n reaction setup is show n in F igure  1.5. A specially 
designed postcoium n reactor is generally placed betw een the m ixing tee and the detector. 
The device should have a sufficien t volum e to enable the reaction to proceed to a tixed 
endpoint. A conventional postco ium n reaction m ay take up to 5 m inu tes to yieid a 
detectable product. For exam pie . i f  the total flow  rate (H PL C ) o f  a system  is 2 ml.min. a 
reaction that requires one m inute for com pletion requires a reactor w ith  a  2 mi volume. 
Figure 1.6 g ives several types o f  postcoium n reactors. The sim plest postcoium n reactor is 
a iengtn o f  open  tubing con tain ing  the volum e required for the reaction  to reach its 
endpoint. C onstruction  o f  knitted  open - tubular (K.OT i reactors w ere  described [18. 19] 
and are com m ercially  availab le from  several vendors. A s an alternative to open-tubular 
reactors, colum ns packed w ith inert glass beads provided som ew hat better mixing ability
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
Figure 1.5: B lock d iag ram  o f  a  typ ical postcoium n reaction system . (A) M obile 
phase reseervoir. (B) H PL C  pum p. (C) injector. (D> colum n. <E) m ixing tee. (Fi 
reactor. (G) detector. (H ) postco ium n reagent pum p, and (I) postcoium n reagent 
reservoir.
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9Inlet O utle t
(a)




r . W M
v S ;\\V  > O utlet
M obile phase &. 
postcoium n reagent
(c)
Figure 1.6: S chem atics o f postco ium n reactor, (a) O p en -tu b u la r reactor: 
(hi packed-bed reac to r: t o  segm ented  flow  reactor.
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com pared  10 K.OT reactors [20], S egm ented  flow  reactors have been successfully  used  for 
reaction  tim es o f  up to 20 minutes [21 ]. Such  system s are based on segm enting the 
reaction  m ixture (colum n effluent plus reagen ts) w ith air bubbles. The air bubbles 
sign ificantly  reduce axial dispersion and  thus m inim ize bandbroadening. U nfortunately , 
such system s require additional specia lized  hardw are to introduce the air segm ents and 
rem ove the bubbles p rior to detection. D ebubb ling  is necessary to m inim ize d e tec to r 
noise. Such hardw are is not readily availab le , and as a consequence, segm ented-stream  
H PLC reactors have not found w idespread  app lication . An additional problem  is that 
m any postco ium n reagents such as o -p h th a ld eh y d e  and ninhydrin are air sensitive [22]. 
T herefore  an inert gas supply should be used  to  assure the reagent stability  in the 
reservoir, w hich also adds to the com plica tion  o f  the instrum entation.
2. The add ition  o f  a postcoium n reactor adds extracolum n bandbroadening w hich 
negatively  affects the chrom atographic sep a ra tio n  efficiency by obscuring separation  
achieved  by the H PLC colum n. The m ore postco ium n reaction volum e added, the m ore 
substantial the extracolum n bandbroadening. F igure 1.7 dem onstrates several types o f  
bandbroadening processes which may o ccu r du ring  the chrom atographic separation. The 
princip les for these bandbroadening app iy  to the bandbroadening processes taking place 
in the postco ium n reactor. For the o p en -tu b u la r reactor, iongitudinal diffusion o f  the 
analyte m olecules along the column d om inates the extracolum n bandbroadening. O n the 
o ther hand , for a packed-bed reactor, eddy  d iffusion  and mass transfer in the packed






F ig u re  1.7: Bandbroadening processes: (a) ed d y  diffusion - analyte m olecules 
take d ifferen t routes to circum navigate the beads. (bi diffusion in the m obile 
phase, ic i m ass transfer in stagnant mobile p h ase  in pores. The short bracket 
ind icates initial bandw idth, the broad final bandw id th .
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beads aiso contribu te to the ex traco ium n bandbroadening.
Since it w ould be p referab le  to  detect the am ino g roup -co n ta in in g  com pounds w ithout 
needing derivatization . a variety  o f  efforts have been expended  to  seek  nonderivatization 
methods to detect th ese  com pounds following HPLC separation . C hem ilum inescence 
detection, based on a  chem ilum inescen t oxidation-reduction reac tio n  with tris(2.2'- 
bipyridyl > ruthenium f I I I ). has been  achieved for a num ber o f  am in o  group-containing 
compounds including am ino  acids [23 - 26]. aliphatic am ines [27] and  am inoglycosides 
[2S]. This prom ising  approach  to detection is still under in ten se  investigation, w ith 
efforts being m ade to  address sev eral issues, including the co m p lex ity  o f  the 
instrumentation required . Indirect L'V-YTS and fluorescence d e tec tio n  o f  amino acids has 
been utilized in both  H PL C  [29. 30] and CZE [31 ] for de tecting  am ino  acids and aliphatic 
amines. This ind irect approach  to detection is based on the p ro p e rty  that the am ines and 
amino acids exist as ions in so lu tions o f  appropriate pH. A L'Y absorb ing  or fluorescing 
ionic species is added  to  the m obile  phase, not only to elu te th e  anaiy tes  but aiso to 
provide a m eans for m on ito ring  the  presence o f  the analytes. A s  the  ionized am ines elute 
from the colum n, the concen tra tion  o f  the counter ions in the m o b ile  phase, which are 
being m onitored, decreases  to m ain ta in  electroneutrality in the  m ob ile  phase. However, 
one problem with th is approach  is that it suffers from high d e te c tio n  lim its, which limits 
us application for real b io logical sam ples. M atrix interference m ay  also be substantial.
Over the past d ecad e , m uch in terest has been show n in th e  developm ent o f pulsed 
electrochemical de tec tio n  for am ino  group-containing com pounds [32 - 34], In this
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detec tion  m ode, current is integrated continuously  during a cycle in w hich the e lec tro d e  is 
ox id ized  and  then reduced to the original state. The advantage o f  pulsed electrochem ical 
d e tec tion  is that by applying a  reducing po ten tial in the second h a lf  o f  a cycle, the o x id e  
layer form ed  on the surface o f  the electrode by the oxidizing potential in the first h a l f  o f  
the cycle  is effectively rem oved. Thus, po isoning  o f  the electrode surface is avo ided  and  
the sensitiv ity  o f  the electrode is m aintained.
Several methods have been reported for am ino group-containing com pounds based  on 
the ir ab ility  to bind to transition  m etal ions. M ost o f  the natural am ino acids are b iden ta te  
ligands for transition m etal ions with both the carboxyl group and the am ino group 
coo rd in a tin g  to the transition metal ion. O ne o f  these detection m ethods takes advan tag e  
o f  the fact that transition m etal ions such as Cu-~ and C o - ' are necessary catalysts fo r the 
lum inol chem ilum inescence reaction [35. 36]. A m ino acid com plexes o f  transition m etal 
ions, how ever, are m uch less efficient catalysts for the reaction. D etection is based on 
add ing  the chem iium inescent reagents to the m obile phase postcolum n. W hen the 
separa ted  am ino acids elute from  the co lum n, they form  com plexes w ith the cataly tic  
m etal ions, resulting in a loss o f  the chem ilum inescence signal. At least two postco lum n 
pum ps are required to keep the solutions con tain ing  the transition m etal ions and lum inol 
separated  from  each other before m ixing and entering the detector, due to the short 
lifetim e o f  chem ilum inescence. which increases the instrum ental com plexity. R elatively  
high detection  limits w ere obtained at the nm ol injected level, due to the high 
chem ilum inescence background and possibly  the fact that luminol aiso com plexes
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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transition m etal ions.
C arm elita  and Frei studied a detection m ethod em ploying a copper-selective electrode 
as a po ten tiom etric  detector [37. 38]. A so lution con tain ing  Cu-~ ion was added to the 
eiuent postco lum n  and the loss o f  Cu-~ activ ity  resu lting  from  the formation o f  the am ino 
acid - Cu( I I ) com plex  w as taken as an indication o f  the am ino acid concentration o f  the 
colum n effluen t. The electrode surface is easily  covered w ith a layer o f  Cu( IIi oxide or 
Cut 11) hydrox ide in either a weakly acidic o r an alkaline buffer solution, which m akes the 
electrode reac tion  kineticaliy slow. Extra postcolum n m ixing volume is required for 
com plete reaction  o f  the amino acids, resulting in additional extracolum n bandbroadening. 
Recently, an o th e r detection method exploited the fact that am ino acid - Cut II i com plexes 
nave strong  L 'Y -Y IS absorption in the region betw een 230-250 nm [39], In this approach  
to detection . Cu-~ ion w as added to the m obile phase and  the am ino acids were separated  
as Cut I I ) com plexes, w hich are detectable w ith a conventional L’Y-YIS detector.
The in teractions between fluorescent agents and transition  metal ions have been 
studied for a long lim e. Calcein. a fluorescein derivative, has been used for dozens o f  years 
as a fluorescence ind icato r to selectively titrate transition  m etal ions. At high pH. calcein  
is nonfluorescen t but it forms fluorescent com plexes w ith calcium  and other alkaline 
earths [40], A lthough  the use o f calcein for determ ination  o f  Ca-~ has received the m ost 
attention (41). it has aiso been suggested as a reagent for Cd-~ [42]. for A1-*- . for other 
alkaline ea rth s. Zn-~. C o --. Cu-~. and Ni-~ [43]. The analyses o f  C o-- . Cu-~. and Ni-~ 
are based on  the observation  that they form  nonfluorescen t com plexes at neutral pHs
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where calcein  by itse lf  fluoresces strongly. M orin  is a w idely  used spot test reagent for 
metal ions such as A F -  [44], F luorescing w eakly by itse lf  but form ing highly fluorescent 
com plexes with A T '.  m orin  has been used as a reagent for the fluorom etric analysis o f  
A T - for m any years [45]. O ptical sensors for transition  m etal ions were aiso developed 
based on m easuring the fluorescence o f  com plexes o f  transition  metal ions w ith 
im m obilized calcein [46] and m orin [47], In recent years, a  variety  o f fluorescent ion 
indicators have been developed for selective detection o f  heavy m etal ions including Hg-~. 
Cu~*. Ni-* and Cd-~ by M olecu lar Probes. Inc. (E ugene. O R. U SA ) [48]. Either 
fluorescence or fluorescence quenching can result from  the fluorescent agents binding to 
the metal ions [49], T he decrease  or increase in fluorescence intensity can be taken as a 
m easure o f  the presence o f  the m etal ions.
The research presented  here, w as aim ed at developing an indirect fluorescence 
detection m ethod for am ino  group-containing com pounds, w hich have a good binding 
ability for transition m etal ions. U pon the addition o f  an  appropria te  am ount o f  m etal 
ions, the fluorescence o f  a  selected  fluorescent agent w ill be effectively quenched due to 
the com piexation betw een the com pound and the m etal ions. The degree o f  fluorescence 
quenching is related to a n um ber o f  factors, such as the sto ichiom etric ratio betw een 
concentrations o f  m etal ions and the fluorescent agent, the so lution pH. and o ther 
experim ental conditions. T hese  conditions will be op tim ized  to assure the fluorescence is 
most effic ien tly  quenched  by a m inim um  am ount o f  m etal ions, so that upon addition o f  
the am ino group-contain ing  analy tes, they will bind to the ions and  liberate the
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fluorescent agents. U p o n  disp lacem ent o f  the fluorescent agen t from  the com plex, the 
fluorescence will be recovered , w ith the increase in fluorescence being taken  as a m easure 
o f  the presence o f  th e  analy tes.
A detection sch em e based  on this displacem ent reaction  w as dev elo p ed  for HPLC. 
The detection o f  severa l am ino  group-containing classes o f  com pounds w as explored. The 
detection perform ance w as  evaluated and com pared to o th e r de tec tio n  m ethods.
The developed m e th o d  has the follow ing advantages o v e r trad itional derivatization 
detection methods, chem ilum inescence methods, and indirect U V -Y IS and fluorescence 
m ethods:
1. Com pared to co n v en tio n a l postcolum n derivatization reac tions, w h ich  always require 
an additional p o stco iu m n  volum e for the reaction to take p lace , the  p roposed  indirect 
fluorescence detection  can  be accom plished without the need for large postcolum n 
volum es, which lim its the  extracoium n bandbroadentng.
2. Compared to chem ilum inescence detection m ethods, in w hich  the  chem ilum inescence 
reactions always have  a v ery  short lifetim e, the volum e delay  betw een  the postcolumn 
m ixer and the flow ceil is no longer a  problem. A small delay  betw een the m ixer and the 
detection flow ceil m ay  cau se  a significant signal intensity decrease  w hen using a 
chem ilum inescence d e tec tio n  m ethod, because a chem ilum inescence signal is triggered by a 
chem icai reaction b e tw een  the analyte and the postcoium n reagen t w hen  they mix. w hich
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decays quickly. In the m ethod described  here, the fluorescence signal is excited  by L:Y 
em ission directly appiied to the flow  cell, rather than a chem ical reac tion  as in 
chemiluminescence.
3. Com pared to most ind irect L 'Y -Y IS and fluorescence detection m ethods, the detection 
signal is a fluorescence signal out o f  a relatively "dark” background, ra ther than  a negative 
signal out o f  a high background baseline, so the shot noise level, w hich  orig inates from 
charged particle m ovem ent in a  c ircu it and is proportional to the square  roo t o f  the total 
photon counting, should be sign ifican tly  low er than the detection  ap p roaches w ith  a high 
background [50].
As one o f  the few natu ra lly  fluorescing am ino acids, tryp tophan  (T rp ) residues 
usually dom inate the fluorescence o f  proteins [51 ]. Both the fluorescence lifetim e and 
quantum  yield o fT rp  residues are strongly influenced by the nature o f  its chem ical 
environm ent. This sensitiv ity  is w idely  exploited through the use o f  T rp  as an  intrinsic 
fluorescence probe for s tructu ra l and  conform ational studies o f  p ro te in s and  polypeptides 
in solution [52]. F luorescence quench ing  o fT rp  by heavy m etal ions su ch  as H g^- and 
C u - '.  was reported earlier [53 - 56]. These studies, how ever, w ere still qu ite  prelim inary. 
W ork stili needs to be perform ed  to further clarity- the relationship  betw een  the formation 
o f  the com plexes and the extent o f  fluorescence quenching. A lthough it w as reported that 
fluorescence quenching depends h ighly  on the solution pH [54], no stud ies have been 
done to explain this phenom enon  in term s o f  the solution equilibrium  chem istry .
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IS
System atic stud ies w ere carried out both theo re tica lly  and  experim entally to understand  
the fluorescence characteristics o f  both free T rp  an d  T rp  in the presence o f  the quencher. 
S tudies w ere also  carried  out to optim ize the d e tec tio n  conditions for the am ino group- 
contain ing  analy tes  in the proposed detection schem e.
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Chapter 2
Understanding the Solution Chemistry of a Cu(II)- 
Tryptophan System and Its Impact on Tryptophan
Fluorescence
2.1 Introduction
Tryptophan (T rp  I is one  o f  the few naturally fluo rescing  am ino  acids. The 
tluorescence o f  p ro te in s  is usually dom inated by that o f  th e  try p to p h an  residues [51 ]. 
Both the fluorescence life tim e and quantum efficiency o f T r p  are  a ffected  by the nature o f  
its chem ical env ironm ent [57]. The emission m axim um  and  q uan tum  yie ld  o fT rp  residues 
in proteins can vary g rea tly . These variations are due to the th ree-d im ensional stm cture 
o f  the proteins [58]. T h e  sensitiv ity  o fT rp  tluorescence to its local environm ent has 
p r o v id e d  a m eans to s tu d y  protein  conform ational tran sitio n s , sub u n it association, 
substrate binding, all o f  w h ich  can affect the local env ironm en t su rround ing  the indole ring 
in Trp [59. 60], In a d d itio n  to being affected by nearby g ro u p s  in p ro te ins. Trp 
tluorescence also ap p ea rs  to be sensitive to ex ternally-added quenchers. S teiner and Chen 
firs: discovered that T rp  tluorescence is quenched by h e a \y  m etal ions, such  as Hg-~.
C u -“. N'i-~ and Cd-~. w ith  C’u-~ and Hg-~ having the best q u en ch in g  efficiencies [53. 61 ]. 
D ifferent m echanism s hav e  been proposed to explain this p h en o m en o n  o f  fluorescence 
quenching. An e lec tron  tran sfe r theory has been suggested  [53] to a ttribu te  the 
tluorescence quench ing  to electron transfer from the excited  s tate  o f  the indole ring to the
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transition m etal ions, w hich serve as electron  scavenger. In another theory [62]. the failure 
o f  transition-m etal com plexes to fluoresce has been a ttribu ted  to the param agnetic and 
h ea \y -a to m  effec t o f  the transition  m etal ion. nam ely sp in-orb ita l coupling, w hich 
populates iow -iy ing . h igh-m uitip lic ity  states that are th en  deactivated  by intersystem  
crossing. In both theories, it w as claim ed that fluorescence quenching is in close relation to 
the form ation  o f  transition  m etal ion - T rp  com plexes. H ow ever, quantita tive studies 
concluded tha t there is only a 1:1 stoichiom etric ratio fo r the fluorescence quenching 
between the transition  m etal ions and T rp [53. 56]. T h a t is to say. each transition  metal 
ion only q u en ch es the fluorescence o f  one Trp m olecu le , w hich w as contrary  to the well- 
know n o b serv a tio n  that heavy m etal ions such as C u --  and  H g-- . tend to coordinate to 
two am ino acid  residues [63], R ecen t studies indicate th e re  is a m ore than a 1:1 
sto ich iom etric ra tio  for the fluorescence quenching by transition  m etal ions [54. 55]. 
which m eans each  transition m etal ion can quench the fluorescence o f  m ore than one Trp 
m oiety. No e ffo rts  have been m ade to explain  this observ a tio n , and no system atic work 
has been done  to clariry  the so lu tion  chem istry  in a tran s itio n  metal ion - Trp system . It 
is also unclear tha t L-Trp fluorescence quenching by tran sitio n  m etal ions such as C u :_ 
and N i- ' is h igh ly  pH - dependen t [54. 55]. with the qu en ch in g  m ost effic ient w ithin a 
narrow dH range.
in this study , both experim ental and  theoretical s tu d ie s  w ere conducted  to optim ize 
the fluorescence quenching  o fT rp  by C u --  ion. As a w ell-s tud ied  am ino  acid, the solution 
equilibrium  d a ta  involving Trp are  availab le in the literatu re  [63]. w hich provided a  basis
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for perform ing  theoretical calcu la tions to understand the solution chem istry o f  the Cu(II) 
- Trp system . The problem  w as approached by taking into consideration the relevant 
equilibria in the solution w hich  can affect the interaction betw een C ufll) and Trp. This 
study aiso paved  the w ay for a  system atic optim ization o f  the tluorescence interaction 
between tluo rescen t agents and  the transition metal ions.
The ratio o f  [C u -- ] [Trp] is crucial in the detection system  proposed in this study. It 
is understood from  the p rincip le  on w hich this detection schem e is based, that the 
optim um  [C u -- ] [Trp] ratio  should  be one in w hich the least am ount o f  C u -- ion results 
in the m ost e ffic ien t quench ing  o fT rp . This approach allow s one to obtain a relatively  
''dark" background  level, and  also  ensures that the in troduction o f  analytes into the 
system will lead  into the m ost sensitive fluorescence increase, because every added 
analyte m olecu le  w ill com pete w ith the Trp for binding the C u -- ions in the solution.
C u-- w as chosen  because prev ious studies showed it has a better quenching effect on Trp 
fluorescence than  m ost o f  the o ther transition metal ions [53]. O n the o ther hand, a m ajor 
reason to choose  Trp in this s tudy  was that as a b identate ligand with one am m o group 
and one carboxyl group capab le  o f  binding to transition m etal ions, it provides a 
com parable affin ity  for these m etal ions as do an im portant class o f  analytes - the natural 
amino acids. C om pared  to o ther fluorescent agents w hich have m ore than two binding 
groups for m etal ions, this w iil allow  Trp to be more easily  displaced from the transition 
meta! - Trp com plex  by analy tes such as natural am ino acids.
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2.2 Material and Methods
2.2.1 Materials
L -tryptophan  (L-Trp) (m an u fac tu rer's  s ta ted  purity. 99%  by T L C ) w as pu rch ased  
from  S igm a (St. Louis. M O. L’SA). R eagen t-g rade copper sulfate and sodium  borate 
(N ^ B a O -  -lOLBOi were purchased  from  B aker (Phillipsburg. N J. U SA ). The de io n ized  
w a te r used  in the preparation o f  s tandard  so lu tions was obtained from a M illi-Q  w a te r 
system  (M illipore. Bedford. M A. U SA ). R eagen t grade N’-(2 -H y d ro \y e th y l) p ipe raz ine- 
N ’-(2-ethanesulfonic acid) (H EPES) w as ob ta ined  from Research O rganics (C leveland. 
O H . U SA ). Dilute aqueous so lutions o f  reagent-grade sodium  hydroxide (F isher. 
P ittsburgh . PA. USA) and hydrochloric  ac id  (B aker. Phillipsburg. \ J .  U SA ) w ere used  to 
ad ju st the  pH o f the solutions. A SIM  A M IN C O  lum inescence sp ec trom eter (SIM  
Instrum en ts Inc.. Urbana. IL. U SA ) w as used  to  obtain the excitation and fluo rescence 
em issio n  spectra. A Perkin-E lm er M odel 204  fluorescence spectropho tom eter fN orw alk . 
C T. U SA ) w as used for the rest o f  the tluo rescen ce  studies.
2.2.2 Fluorescence Excitation and Emission Scan of L-Trn
The excitation spectrum  o f  0.1 m.Vl L -T rp  buffered at pH  S.l w ith 4 m M  sodium  
borate w as measured at an em ission w aveleng th  o f  350 nm. The em ission spectrum  o f  the 
sam e solution was m easured at an excita tion  w avelength o f  280 nm .The excitation and 
em ission  spectra o f  L-Trp are given in F igure 2.1 and 2.2. respectively.
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Figure 2.2: Fluorescence spectra of 0.1 mM L-Trp and 0.05 mM Cu(L-Trp)2 at pH 8.1. The 
excitation wavelength was 280 nm.
2.2.3 Fluorescence Excitation and Emission Scan of CufL-Trp)^
A solution o f  0.05 m M  C u(L -T rpb  was prepared  by d isso lv ing  the appropria te  
m asses o f  solid L -T rp and  CuSC>4 • SI-LO in sodium  borate so lu tion . The excitation 
spectrum  o f  0.05 m M  Cut L -Trp >2 buffered at pH  8.1 w ith 4  m M  sodium  borate
was m easured  at an em ission w avelength  o f  350 nm. The em ission spectrum  
o f  the same solution w as m easured at an excitation w avelength o f  280 nm. The excitation 
and em ission spectra o f  Cu( L -T rp b  are given in F igure 2.1 and  2 .2. respectively.
2.2.4 Fluorescence o f 0.1 mM L-Trn as a Function of nH
A solution o f  0.1 m.M L-Trp was prepared by d isso lv ing  the appropriate m ass o f  
solid L-Trp in deionized  w ater. The pH o f  the solu tion  was ad justed  in the pH  range o f 
1.8-11.0. F luorescence da ta  o f  solutions at different pH s w ere m easured. The excitation 
and em ission w avelengths w ere set at 280 nm and 350 nm. respectively . The fluorescence 
profile o f  O .lm M  L-Trp as  a function o f  pH is g iven  in Figure 2.3.
2.2.5 Fluorescence of 0.05 mM CufL-Trpb as a Function of pH
A solution o f  0.05 m.M C u(L -T rp )2 was p repared  by d isso lv ing  the appropria te  
m asses o f solid L -Trp and  C u S O j • 5H^O in deionized  w ater. T he  pH o f  the so lu tion  was 
adjusted in the pH range o f  1.8 - 11.0. F luorescence data o f  so lu tions at d ifferent pH s 
were m easured. The excitation  and em ission w avelengths w ere set at 280 nm and 350 nm.
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re sp ec tiv eh  . The fluorescence profile o f  0.05 m.M Cur L -T rp  )2 as a function o f  pH  is 
given in Figure 2.4.
2.2.6 Fluorescence o f 0.05 mM CufL-Trpb with the Presence of 1 mM EDTA as a 
Function of pH
A so lu tion  o f  0.05 m M  C u(L -T rp); con tain ing  Im M  ED TA  was p repared  by 
d isso lv ing  the appropria te  masses o f  solid L-Trp. C u S O j • 5 H ;0  and ED TA  in deion ized  
w ater. The pH o f  the solution was adjusted in the pH range o f  1.8-11.0. F luorescence 
data o f  so lu tions at d ifferent pHs w ere m easured. The excitation  and em ission 
w aveleng ths w ere set at 280 nm and 550 nm. respectively . F igure 2.5 gives the 
fluorescence p rofile  o f  a 0.05 m.M Cut L-Trp h solu tion  con tain ing  lm.M ED TA .
2.2.7 "Fluorescence Titration" of 0.1 mM L-Trp hv C ufllt with Sodium Borate as 
the Buffer
Solutions w ith  d ifferen t concentrations o f  C uS O j w ere added to a L-Trp so lu tion  
buffered  w ith 4 m.M sodium  borate (N a^B jO -) at pH 8. 1. appropriate am ounts o f  
deion ized  w ater w ere added to the solution to m ake the concentration  o f  L-Trp 0 .1 m.M 
tor all o f  the solu tions. Fluorescence data o f  the solu tions w ere m easured. The excitation  
and em ission  w aveleng ths were set at 280 nm and 550 nm . respectively. B ecause the 
fluorescence o f  the L -T rp solution changes w ith the add ition  o f  Cut II). this resu lted  in the 
"fluorescence titra tion" o f  C.l m.M L-Trp w ith C u -- ion. The relationship betw een  the
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Figure 2.5: Comparison of fluorescence profiles of 0.1 mM L-Trp and 0.05 mM Cu(L-Trp)2 with 
the presence of 0.1 mM EDTA. The exicitation and emission wavelengths were 280 nm and 
350 nm, respectively.
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concentration  o f  C u-- ion and the so lu tion  fluorescence is presented in F igure 2 .6 . with 
sod ium  borate (N a^BaO -i as the pH  buffer.
2.2.8 "Fluorescence Titration*' o f  0.1 mM L-Trp bv Cufllt with HEPES as the 
Buffer
Solutions w ith different concen tra tions o f  C uSO j w ere added to a  L -T rp  so lu tion  
buffered  w ith HEPES. A ppropriate am oun ts  o f  deionized water w ere ad ded  to the 
so lu tion  to m aintain the concen tra tion  o f  L -T rp  at 0.1 m M  for all o f  the  so lu tio n s. The 
fluorescence data o f  the solutions w ith  d iffe ren t concentrations o f  H E PE S at pH  8.1 and 
7.0 w ere m easured with the excitation  and  em ission w avelengths set to 280 nm  and 350 
nm . respectively . The "fluorescence titra tio n ” data are presented in F igure 2.7.
2.3 Results and Discussions
The m olecular structure o fT rp  is g iven  in Figure 1.1. Based on the fluorescence 
excitation  and em ission data for L -T rp  as presented  in Figures 2.1 and  2 .2 . the optim um  
excitation  and em ission w avelengths are 280  nm  and 350 nm . respectively. F luorescence 
d a ta  obtained for Cu( L -T rp b  presen ted  in  F igures 2.1 and 2.2 indicate there  are  no 
em ission  and excitation w avelength  sh ifts due to com piexation with C u --. w hich  m eans 
the  observed fluorescence intensity d ecrease  for Cui L-Trp b  is due to fluo rescence 
quenching , rather than fluorescence w aveleng th  shifts. B ased on these resu lts, 
fluorescence excitation and em ission w aveleng ths were set at 280 nm and 350 nm  for all
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Figure 2.6: Fluorescence quenching of 0.05 mM L-Trp in relation to the concentration of Cu2* 
The solutions are buffered with 4mM sodium borate at pH 8.1. The excitation and emission 
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Figure 2.7: "Fluorescence titration" of L-Trp by Cu(ll) with HEPES as  the buffer. 
The exicitation and em ission wavelengths were at 280 nm and 350 nm, 
respectively.
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studies involv ing  L-Trp.
2.3.1 pH Dependence o f the Fluorescence of Free L-Trp
As show n in F igure 2 .3 . the fluorescence o f  free L-Trp is h igh ly  pH dependent. T here  
are three d istinct reg ions in the L-Trp fluorescence profile a s  a  function  o f  pH. The 
fluorescence increases from  pH 1 to pH  4.2: the fluorescence rem ains unchanged from pH
4.2 to pH S.U: and the fluorescence increases significantly  from  pH  S.0 to pH 11.1.
This pH dep en d en t pattern  is in ag reem en t w ith the o b se rv a tio n s  m ade earlier [64 - 
66]. W hite [64] no ticed  the fluorescence o fT rp  decreases s tead ily  w hen the solution pH  
is below 4.0. and  the pH  o f  half-quenching (com pared to the fluorescence o fT rp  above 
pH 4.0) co rresponds approxim ately  to the  acid ic  d issocia tion  co n stan t o f  the carboxyl 
group in Trp. F lem ing etc. found that a t pH  11.0 Trp has a s ig n ifican tly  longer 
fluorescence life-tim e than at pH 7.0 [65 -67], The fluorescence life-tim e is generally 
proportional to the fluorescence quantum  effic iency  [57]. W eb e r [68] correlated the T rp 
fluorescence life-tim es w ith  the m olar ratio  betw een zw itte rion ic  and deprotonated Trp in 
a narrow  pH range from  pH  8 - 1 0  and no ticed  there is a d irec t re la tionsh ip  between the 
fluorescence life-tim e w ith the d ifferen t form s o fT rp  in the so lu tion . H ow ever, a 
correlation betw een the fluorescence changes observed and the ex istence o f  different form s 
o fT rp  in the so lu tion  in the whole pH range was not prov ided .
In fact, as given in F igure 2.3. pH 2.4 and  9.4. around w h ich  pH s the L-Trp 
tluorescence significantly  increases as so lu tion  pH increases, a re  the acidic dissociation
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constan ts  o f  the carboxyl and am ino g roups in  L -T rp . respectively. K eeping in m ind  there 
are  th ree  form s o f  L-Trp. protonated L -T rp . zw itterion ic  L-Trp and d ep ro to n a ted  L-Trp 
in the  so lu tion , a m odel is proposed to illu s tra te  how  the proton equilibria a ffec t the 
so lu tion , w ith an a ttem pt m ade to co rre la te  d iffe ren t form s o f L-Trp to d iffe ren t 
tluo rescence efficiencies. The solution fluo rescence  is expressed as:
F1UO = K (a * «h:v -  b * oH\ -  c * 3V ) (Eq. 2 .1)
in w hich  a. b. c represen t relative tlu o rescence  efficiencies for protonated L-Trp. 
zw itte rio n ic  L -Trp and deprotonated  L -T rp . respectively ; K. is an arb itrary  constan t. HA 
rep resen ts  L-Trp: d ^ z a- - c*ha- and d A-a re  the  fractions o f  the three form s. H2A~. HA 
and A-. respectively , w hich can be exp ressed  as:
a  H:,\- = [H~]- /(KLai * Ka2 -  kai * [H*] -  [H*]=> (Eq. 2 .2)
d HA = L ::I * [H -] (K a, K a2-  Ka, * [H~] -  [H -p >  (Eq. 2 .3)
d = K ;, * Ka2 iK a , * Ka2-  Kal * [H -j -  [ H - p )  (Eq. 2.4)
F in ing  the data w ith the use o f  MS E X C E L  indicated that when a = 0. b = 1 and c
= 2 .3 . the pH dependence pattern from the ca lcu la tions  based on the m odel is consisten t 
w ith the experim ental data from pH = l to pH  = 11.2. as shown in Figure 2.8. T he pH 
dependen t panem  based on the calcu lations is in good agreem ent with the experim ental
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Figure2.8: Comparision of experimental fluorescence data for L-Trp and fitting data. For the 
experimental data obtained, the exicitation and emission wavelengths were 280 nm and 350 
nm, respectively.
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data. Thus, the m odei exp la ins the experim en tal pH  dependent pattern  o f  fluorescence for 
free L-Trp. taking into considera tion  the tw o L -T rp protonation equ ilib ria  ex isting  in  the 
solution. D ata indicate p ro tonated  L -Trp is a  nonfluorescent form  o f  L -T rp . and  the 
deprotonated form  o f  L-Trp has a  fluorescence quan tum  efficiency w hich  equals 2.3 tim es 
that o f the zw itterionic form  o f  L -T rp . M easurem en ts  were m ade earlie r a t d iffe ren t pH s 
for Trp fluorescence lifetim e [68]. y ie ld ing  a lifetim e o f  8.2 nano seconds a t pH  1 1 w ith 
Trp existing m ostly as depro tona ted  T rp. and  a  3.2 nano seconds a t pH  7 w ith  T rp 
existing m ostly  as zw itterion ic Trp. The fluorescence life tim e is proportional to the 
fluorescence quantum  effic iency  [57]. Thus, the ratio o f  fluorescence quan tum  
efficiencies. 8.2 3.2. equals to 2.5. w hich  is in good agreem ent w ith the ratio  obta ined  in 
this s tudy,  w hich is 2.3.
2.3.2 pH Dependence of L-Trn Fluorescence Quenching bv Curtl)
Tne quenching o f  L-Trp fluorescence by Cu^~ ion is highly pH  dependent. F igure 2.4 
gives the com parison  o f  fluorescence profiles o f  0.05 m .\l Cut L -T rp )2 and  0.1 m M  L-Trp 
as a function o f  pH. B ased on the da ta  p resen ted  in Figure 2.4. L-Trp fluorescence is not 
quenched by C u -- ion as the pH  is below  4. F luorescence quenching increases as the pH 
increases from 4 to 8.1 w ith the h ighest level o f  L -Trp fluorescence quenching  by Cut II) 
was achieved in a iim ited pH range around 8.1. A s the pH increases beyond 8.1. the 
fluorescence o f  the Cu( L -Trp h  so lu tion  increases. T his pH dependence pattern  is in good 
agreem ent with the data obtained  earlier [54],
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T he fluorescent ag en t - quencher system here is a co m p lica ted  equilibrium  system  in 
w hich various secondary  protonation  and com plexation e q u ilib ria  ex ist besides the C u d D  
- L-Trp com plexation  equ ilib ria . The relevant equilibria w h ich  can  affect Cu(II) - L-Trp 
com plexation are listed  in Figure 2.9. Equilibrium constants are  taken  from Ref. [63] and 
[69], T he m ajor seco n d ary  equilibria existing in the so lu tion  are  L -T rp  multiple 
protonation equilibria  an d  m ultiple Cu(II)-hydroxide co m plexation  equilibria. As can  be 
seen trom  the list o f  equ ilib ria , as the pH decreases, the p ro to n a tio n  o f  L-Trp increases. 
As the pH  increases. C ut II)- hydroxide com plexation increases. T hese  two types o f  
equ ilib ria  com pete w ith  C u(II)- L-Trp com plexation for C u-~  ion  and  L-Trp. and p lay  a 
negative role on the com plexation  between Cu-~ ion and  L -T rp .
To c larify  the pH  dep en d en ce  o f  the Cu(TI) - L-Trp co m p lex a tio n  on a quantitative 
base, the conditional s tab ility  constant o f  Cu(L-TrpH  can be w ritten  by taking into 
considera tion  the seco n d ary  equilibria as:
I v C u i L - I  rpi: — d  3 C u - ‘ * R-CuiL-Trpi:  (Hq. 2 .5)
w here 3 is the frac tio n  o f  the deprotonated form o f  un co m p lex ed  L-Trp and 3 cu-- 
represents the fraction o f  uncom plexed  Cu-~. f C 'c u iL - T r p i :  an d  H - c u i L - T i p i :  are conditional 
stability  constan t and  s tab ility  constant, respectively. 3 A- a n d  3 cu-- can be expressed  as:
3 = K ,| * Ka2 (Jvu * K ai * [H~] -  [H~]2) (Eq. 2 .6)
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Cu(II) - L-Trp complexation:
Cu2+ + X- CuX+ Kfl = 10s'29
Cu2+ + 2X" m '•*  CuX2 kg = 1015-48
HX = L-Trp
L-Trp protonation:
X' + H+ —r- HX Ka2 = 10'"'39
HX + H+ H2X+ Ka, = io--3S
HX = L-Trp
Cu(II) - hydroxide complexation:
Cu2+ + OH' ^  CuOH+ 6 ^ 1 0 °’
Cu2+ + 20H ' * C u(O H )2 b2 = io12*
Cu2+ + 30H ' ^  -*■ C uCOH)3' b3 = 10145
Cu2  ^ + 40H ' -  -  C u(OH)42' b, = io164
2C u2+ + 20H ' — ■—■s. C u2(O H )22+ k = io177
Figure 2.9: Relevant equilibria related to Cu(II) - L-Trp 
complexation in a Cu(L-Trp)2 aqueous solution
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d Cu-- = 1 (1 — B, * [OH-] -  B; * [OH-]- -  B; * [OH-]-' -  B4 * [OH-p> (Eq. 2.7)
w here Ka | and K.a;  a re  acid dissociation constan ts  fo r L-Trp: B| . B; . 63 and 64 a re  
cum ulative stab ility  constants for C u(II)-hydrox ide  com plexation.
T he conditional stab ility  constants, a  m easu re  o f  the affinity betw een C u -- and L-Trp 
in the so lu tion , w ere calculated from a sp read sh ee t w ith  MS EXCEL at different pHs. 
C onditional stab ility  constants are plotted as  a  function  o f  pH in Figure 2.10. C om paring 
Figure 2.4 and F igure 2.10. the pH dependent pattern  o f  the fluorescence quenching 
m atches w ell w ith  tha t o f  the conditional stability* constan ts calculated. A pH o f  8.1. at 
w hich po in t the fluorescence o f  L-Trp is m ost e ffic ien tly  quenched, is the pH w here there 
is the h ighest affin ity  betw een Cu?- ion and  L -T rp . w hich ideally explains the 
relationship betw een  the Cu(II)-L-Trp com plexation  and fluorescence quenching. For the 
first tim e, it is dem onstra ted  here that both  the  Trp protonation and C u(II)-hvdroxide 
com plexation affect the  Trp fluorescence quench ing  by Cu?- ion. Based on the 
experim ental da ta  and  the results o f  the ca lcu la tio n s , the optim al pH for the proposed 
detection schem e is expected approxim ately 8. 1. to ensure both a relatively "dark” 
background, and that the analyte m olecules m ost effic ien tly  displace L-Trp m olecules 
from Cui L -T rp);.


















































2.3.4 Further Clarification o f the Relationship Between Complex Formation and 
Fluorescence Quenching
To further c la rify  the s to ich iom etric  relationship  betw een the form ation o f  C u(L - 
T rp i2 and  tluo rescence quenching, the fluorescence titration data for L -Trp by C u --  ion is 
presen ted  in F igure 2.6. w ith 4 m M  sod ium  borate (N a;B .jO -) solution as the em ployed 
buffer. The data  in Figure 2.6 clearly  show s a  1:2 ( lC u-~ : 2 L-Trp) s to ich iom etric  factor 
o f  L-Trp q uenched  by C u -- ion a t the o p tim ized  pH o f  approxim ately 8.1. w h ich  is in 
accordance w ith the form ation o f  a Cu< L -T rp ); com plex.
There is a d iscrepancy  betw een the resu lts obtained in this study and the cla im  m ade 
by C hen etc [56], tha t there is on ly  a 1:1 sto ichiom etric ratio for L-Trp tluo rescence  
quench ing  by Cu-* ion. This d iscrepancy  is attributed to their use o f  H E PE S b u ffer w hich 
w as in large excess com pared to the concen tra tion  o f  Trp in that study. T h is m igh t result 
in com petition  from  HEPES for b inding  to C u(II) [70], Therefore sodium  borate w as used 
to adjust the so lu tion  pH in the fo llow ing  studies. Also they studied the quen ch in g  effect 
at pH 7.0. w hich is not an optim um  pH for tluorescence quenching based on data 
p resented  in. A s w e predicted, as show n in F igure 2.7. there is a iess than 1:2 pattern  for 
the C u -- : L-Trp quenching  at both a h igher concentration o f  HEPES buffer, o r a pH o f  
7.0.
To determ ine if  there is any add itional dynam ic quenching effect w ith the p resence o f  
C u -- ions and o th e r ligands, an excessive  am oun t o f  EDTA was added to a  0.05 m M  
Cu( L -T rp); so lu tion . C onsidering the m uch h igher concentration o f  ED TA  and  its strong
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chelating ability (pKfiCuEDTA. = 18.8). it can be reasonably assum ed  that all o f  the Cu-~ 
ions are bound to ED TA  w ith the L-Trp being disp laced  from  the com plex. Com paring 
the tluorescence profiles presented in Figure 2.5. aim ost the sam e patterns are observed 
for the free L-Trp tluorescence and for Cui L-Trp h  w ith excessive ED TA . It is concluded 
therefore, there is no dynam ic fluorescence quenching from both the C utII > com plexes and 
a large am ount o f  ligand containing am ino groups and carboxyl g roups. In contrast to the 
static tluorescence quenching, which is due to the com plexation from  the fluorescence 
agents and the metal ions, dynam ic tluorescence quenching is due to the m olecular 
collisions betw een the fluorescence agents and the quencher [57]. T he detection schem e 
proposed earlier is based on  the occurrence o f  static fluorescence quench ing  between 
transition m etal ions and  the fluorescence agents. A lthough it w as c laim ed  Trp 
fluorescence is sensitive to dynam ic quenching trom  various species [53]. the data 
presented here indicate interference from the collisional fluorescence quenching is not a 
concern here for this study.
2.4 Conclusion
The tluorescence o f  solutions o f  free L-Trp. and Cut II) - L -T rp  w ere studied 
system atically . The pH dependence pattern o f  free L-Trp in aqueous solution can be 
explained using a m odel in w hich deprotonated. zw itterionic and protonated L-Trp have 
different fluorescence effic iencies. It was observed that the p ro tonated  L-Trp is 
nontluorescent. w hile zw itterion ic L-Trp has a fluorescence effic iency  2.3 times less than
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that o t'th e  dep ro to n a ted  L-Trp.
The fluorescence quenching o f  L-Trp by  C u^- ion is highly pH  dependent. The 
tluorescence o f  L-Trp is m ost efficiently quenched  in the pH range from  7.0 - 9.0. The 
conditional stab ility  constan t o f  C u(L -T rp i2 '•'•'as calculated at various pH s. tak ing  into 
consideration both  the L-Trp protonation equ ilib ria  and Cut II)-hydroxide com plexation  
equilibria. It w as found that the pH region w here the L-Trp tluorescence is m ost 
efficiently quenched , m atches the pH region w here the largest value o f  conditional 
stability constan t is reached. L-Trp pro tonation  equilibria  and Cut II > - hydroxide 
equilibria affect L-Trp tluorescence quenching by interfering with the com plexation 
between Cut I I ) and  L-Trp. Thus, it is concluded  that tluorescence quench ing  o f  L-Trp by 
C u-- ion ideally  corresponds to the form ation o f  the com plex. C u tL -T rp )2- w hich is 
consistent w ith the data ob ta ined  by the titra tion  o f  L-Trp by Cu-* ion a t the optim um  
pH o f  S . !.
The detection  pH for the proposed detection  schem e for am ino group-con ta in ing  
com pounds is p red ic ted  to be approxim ately  8.1 based on the data presented , so that a 
good ''dark” background level will be obtained, w hile at the sam e tim e, ensuring that added 
an a ly te  m olecules will com pete favorably w ith  L-Trp for binding to the Cu-~ ion. Care 
m ust be taken in choosing the buffer for this detection method. Use o f  am ino group- 
containing buffers, such as HEPES. m ay interfere w ith detection by d isturbing Cut II i - L- 
Trp com plexation.
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Chapter 3
HPLC Separation and Detection of Biogenic 
Polyamines and Diamines with Cu(L-Trp)2 as the
Postcolumn Reagent
3.1 Introduction
The uiiphatic biogenic poK am ines and diam ines are naturally occurring  com pounds 
that are found in a w ide variety  o f  yeasts [4. 71]. plants [5. 72] and  an im a ls  [6 . 73. 74]. 
Two biogenic polyam ines. sperm id ine and sperm ine, are closely re la ted  to rapid tissue 
grow th. The concentrations o f  sperm id ine and sperm ine w ere show n to be related to 
several param eters o f  cell p ro liferation , such as the concentrations o f  p ro teins and nucleic 
acids in developing embry os [7], Enhanced synthesis and  accum ulation  o f  aliphatic 
p o i\am in es  in rapidly g row ing  tissues occur p rio r to the synthesis of D N A  [” -] . The 
precise biological role o f  po lyam ines in this process is still under investigation . It has been 
suggested, howev er, that these  tw o polyam ines. by v irtue o f  their ch arg ed  nature under 
physiological conditions and  their conform ational flexibility- m ight serv e  to stabilize 
m acrom olecules such as nucleic acids bv anion neutralization [76 - 7S]. These aliphatic 
polyam ines are also im portan t in cancer research. It has been show n tha t poiyam ine 
panem s in tum or cells are s ign ifican tly  d ifferen t from  those o f  norm al m uscie  tissues. For 
instance, the m olar ratio o f  sperm id ine to sperm ine in Ehrlich ascites carc inom a was found 
to be strikingly low er than  the tvp ical ratio for rapidly  grow ing an im al tissues [79], Both
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the sperm idine concentration as well as the m olar ratio or'sperm idine to sperm ine are 
found to be elevated in RD 3 sarcom a com pared  w ith normal m uscle tissues [8].
A ttem pts have also been m ade to use po lyam ines for the detection o f  m alignancy  [80]. 
D iam ines are im portant in the syn thesis and degradation pathw ays for am ino  acids in 
b iological system s [SI. 82]. Furtherm ore, elevated concentrations o f  certa in  d iam ines in 
blood can be indicative o f  specific carc inom as and. in organ transplant recipients, ev idence 
o f  physiological rejection o f  transp lan ted  tissues [7. 83]. D iam ines are  also  widely 
recognized  as indicators o f  spoilage in foods, especially  in seafood and  o th e r m eats [84].
D etection o f  aliphatic am ines fo llow ing  HPLC separation has been w idely  studied [85 
- 90]. M ost natural aliphatic b iogenic po lyam ines do not possess natu ra lly  occurring  
chrom ophoric or fluorophoric m oieties, w hich is w hy they are usually derivatized  either 
p rio r to [85 - 87] or after [88 - 90] ch rom atograph ic  separation to facilita te  photom etric  
detection . Detection methods w hich requ ire  derivatization have several d isadvan tages, 
including the need for additional sam ple processing, variability o f reaction com pleteness, 
decom position  o f  the derivatization p roducts , and toxicity o f  some d eriva tiz ing  agen ts.
For these reasons, direct detection w ith o u t derivatization  is preferred w henever possible.
A variety o f  ways have been dev elo p ed  to detect the aliphatic am ines w ithout 
derivatization. Chem iium inescence detection  o f  aliphatic am ines follow ing 
chrom atographic separation, based on a chem ilum inescent oxidation - reduction  reaction 
m echanism , has been achieved using the  reaction o f  tris(2.2 ' - py ridy liru then ium fll) with 
the analytes [27], Indirect detection o f  various biogenic aliphatic po lyam ines has also
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been achieved in ion exchange chromatography [91 ] and capillary electrophoresis [92] 
w ithout the need  o f  derivatization. By exploiting the property  that the am ines exist as 
ions at appropria te  pH s. L'V absorbing ionic species w ere added to the m obile phase, not 
only to eiute the analy tes but also to m onitor th e ir p resence. As the ionized am ines elute 
from the colum n, the concentration o f  the counter ions in the m obile phase, w hich are 
being m onitored, decreases to maintain the e lectroneu trality  o f  the m obile phase.
H ow ever, one problem  w ith  this approach is tha t it su ffers from high detection lim its due 
to the high background noise, which limits its application  for real biological samples. 
R ecently, in tegrated pulsed  am perometric detection  (IPA D ), a newly developed variant o f  
the pulsed am perom etric  detection method, has been used to detect underivatized biogenic 
m onoam ines and  diam ines following HPLC separation  [32. 33. 93]. In this mode o f  
detection, curren t is integrated continuously during  a  cycle where the electrode is oxidized 
and then reduced to the original state. The advantage o f  IPA D  is that, by canceling the 
charge from oxide form ation and reduction, the effect on the baseline is greatly minimized.
The detection  approach  presented here is based on m onitoring the tluorescence o f  the 
am ino acid. L -T ryp tophan  ( L-Trp). As dem onstrated  in C hapter 2. the fluorescence o f  L- 
1 rp. is quenched in the presence o f  Cu-~ ion. Q uenching  is due to the form ation o f  a L- 
Trp copper com plex. L -T rp is freed from the com plex  w ith  the addition o f  aliphatic 
polyam ines and d iam ines, which have a greater coppen  I I ) affinity than L-Trp. resulting in 
the recovery o f  L-Trp tluorescence. as shown by:
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Cut L-Trp i: -  nA = Cu( A )n ~ 2 L-Trp* (Eq. 3.1)
where A is the polyam ine o r  d iam ine m olecule and n is the n u m b er o f  the polvam ine or 
diam ine m olecules coord ina ting  to C u(II). and L-Trp* rep resen ts  the fluorescentiy active 
L-Trp. Thus, the p resence o f  these analy tes can be inferred by m onito ring  the 
tluorescence o f  L-Trp as described  by the following equations:
w here [A] and [L-Trp] are  the  concen trations o f the analy tes  an d  L -T rp . respectively. K. 
is an arbitrary constant and  FL U O  is the tluorescence in tensity  o f  L-Trp.
in this study im plem en tation  o f  a postcolum n HPLC detec tion  schem e will be 
investigated for m onitoring  sperm idine and spermine, as w ell as 1.2-diam ines and 1.3- 
diam m es. using Cu( L -Trp b  as the postcolum n reagent. A  d iscu ssio n  o f  the reaction 
conditions and the detection  m echanism  will be presented in detail.
3.2 Materials and M ethods
3.2.1 M a te r i a l s
The biogenic po lyam ines. sperm ine [m anufacturer s s ta ted  purity . 99.2%  by thin-layer 
chrom atography (TLC )] and  sperm id ine  (m anufacturer's s ta ted  purity . 99.2%  by TLC)
[Ai = 2 n x [L-Trp*] (E q. 3 .2)
[A] = K x 2 n x FLU O (E q. 3.3)
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were purchased from  S igm a (St. Louis. MO. USA). The 1 .2-diam ines, ethyienediam ine. 
N -m ethylethyienediam ine and  the 1.3-diamine. 1.3 -am inopropane (all w ith  m anufacturer 
stated purity . 99.0%  by G C I w ere also purchased from  Sigm a. R eagen t grade copper 
sulfate, sodium  acetate  and  sodium  borate (Na^B-jO- • 10H :O ) w ere  purchased  from 
Baker ( Phillipsburg. X J. L'SA). The deionized w ater used in the  p repara tion  o f  the 
standard so lutions and e luen ts  w as obtained from a Milli-QTM w a te r  system  (M illipore. 
Bedford. M A. L'SA). A ll m obile phases w ere filtered th rough a  0 .45 urn  nylon filter 
( W hatm an. H illsboro. O R . U SA) prior to use. D ilute aqueous so lu tio n s  o f  reagent grade 
sodium  hydroxide (F isher. P ittsburgh. PA. U SA ) and hydroch lo ric  acid  (Baker. 
Phillipsburg. XJ. U SA ) w ere used to adjust the pH o f  the m ob ile  phase  and  postcolum n 
reagent.
The chrom atographic separations were perform ed using a  X ico le t LC 9560 HPLC 
system  (M adison . W I. U SA ) equipped with a R heodyne M odel 7125 in jecto r (Cotati.
CA. U SA ) fined with a  lu -u l injection loop. Separation o f  the po lyam ines was achieved 
with the use o f  a H am ilton PR P-X 200 colum n (250 m m  x 4.b m m  I.D .) (R eno. XV.
USA), contain ing  a  polym er-based  strong cation exchanger. A H itachi 6 5 5 A -1 1 LC pum p 
(Tok>o. Japan) delivered the postcolum n reagent via a m ixing tee. A  V arian  flow control 
dam per ( P N  03-905320-00) (Palo Alto. CA . L SA ) was p laced  betw een  the postcolum n 
reagent pum p and m ixing  tee to im prove flow  stability. A K ratos S pectro fiow  980 
fluorescence detector ( R am sey. XJ. USA) fitted w ith a 10 u.1 d e tec tio n  flow  cell was used 
tor chrom atographic detection . The excitation w avelength o f  the d e tec to r was set at 280
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nm and a 550 nm longpass g lass filter w as utilized for em ission.
3.2.2 Titration of CufL-Trpty with Polyamines and Diamines
Experim ents w ere perform ed  to study the stoichiom etric ratio betw een  Cut L -T rp ); 
and polyam ines or d iam ines in a detection  reaction. A solution o f  Cut L-Trp)? w as 
prepared by dissolving the app rop ria te  m asses o f  solid L-Trp and C u S O j • SEbO in 
sodium  borate solution. Solutions contain ing different concentrations o f  the  aliphatic 
polyam ines and d iam ines w ere added  to standard Cut L-Trp )? so lu tions con ta in ing  4 mM 
sodium  borate (N aTB jO -i ad ju sted  at pH 8.1. A ppropriate am ounts o f  d e ion ized  w ater 
w ere added to the so lution to m ake the concentration o f  Cut L-Trp)? 0.05 m M  for all o f  
the solutions. This resu lted  in the "titration" o f  Cui L-Trp)? w ith these  com pounds. The 
fluorescence intensities o f  the so lu tions versus the concentration o f  sperm ine  and  
ethylenediam ine are p lo tted  in F igure 5.1 and Figure 3.2.
3.2.3 Chromatographic Separation and Detection
A schematic diagram  for the chrom atographic separation and detection  
instrum entation is given in Figure 5.3. Separation o f 1.2-diam ines. 1.3-diam ines, spermine 
and spermidine was achieved  by ad justing  the concentration o f  po tassium  ch loride in the 
m obile phase. The pH o f  the m ob iie  phase was buffered w ith a 1.5 m M  sodium  acetate 
solution at pH 5.2. The m obile p hase  (low  rate was set at 0.8 m l/m in.
The postcolum n reagent, a 0 .05 m M  Cut L-Trp )? aqueous so lu tion  buffered  w ith a 4

























Figure 3 . 1: Stoichiometric study o f  the reaction o f  Cu(L-Trp), with spermine. The concentration 
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Figure 3.2: Stoichiometric study of the reaction ofCu(L-Trp)2 with cthylenediaminc. 
The concentration of 01(1.-Trp )2 is 0.05 mM, adjusted to pi I 8 I, in 4mM sodium 
borate (N ad|,()7) solution.
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m.M sodium borate (N a;B jO -). w as m ixed with the colum n eluent v ia  a m ix ing  tee before 
the tluorescence detector. The pH  o f  the postcoium n reagent was ad ju sted  in the range of 
7.4 - 9.4 The effect o f  pH on de tec tion  w as evaluated in this pH range.
3.3 Results and Discussions
3.3.1 Stoichiometric Studv o f the Detection Reaction
As shown in Figures 3.1 and  3.2. it can be seen that the tluorescence in tensities o f  the 
solutions increase as the am ounts o f  added poiyam ines and diam ines increase. Both o f  
these plots show  that the recovered  fluorescence signal plateaus w hen a sto ich iom etric  
am ount o f am ine is added to the detection  reagent. A stoichiom etric ratio  o f  1 : 1 for 
[Cut L-Trp i;J : [spermine] is determ ined  from  the titration data, w ith in  the  experim ental 
error. This corresponds to the reaction :
C u(L -T rph  -  sperm ine '=ifc C uisperm inei -  2 Trp (Eq. 3.4)
H owever, the stoichiom etric ratio  for [C u(L-Trp):] : [ethylenediam ine] is 1 : 2 based on 
the data obtained, suggesting the reaction:
Cut L-Trp I; -  2 e thy lened iam ine '= ^ : C uiethy iened iam ineh  -  2 Trp (Eq. 3.5) 
The 1 : 2 stoichiom etric ratio is a lso  indicated for both N- m ethylethylenediam ine and
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i .3 -am inopropane . T h e  discrepancy betw een the tw o sto ich iom etric ratios can be 
explained  by the tact th a t the polyam ines have m ore  am ino  groups than the d iam ines, 
resulting in a larger com plexing capacity. These sto ich iom etric  ratios are in good 
agreem ent w ith the equilibrium  data obtained for the d iam ines and polyam ines [94], 
indicating d iam ines tend  to  form 2 : I com plexes w ith  Cu-~. w hile polyam ines on ly  form 
1:1 com plexes w ith  Cu-~. Thus, the polyam ine m o lecu les tested produce tw o fluorescen t 
L-Trp m olecules, w hile  the 1.2-diamine or 1.3-diam ine m olecules tested disp lace only  one 
fluorescent L-Trp m olecule .
3.3.2 Chromatographic Separation
L’nderivatized  biogenic polyam ines are often separated  in a cation exchange 
chrom atograph ic m ode [32. 91. 93]. instead o f  using  reversed  phase chrom atography, 
possib ly  due to th e ir s trong  hydrophilicity . A H am ilton  SC X 200 colum n was u tilized  in 
this w ork for the separa tion  o f  aliphatic biogenic po lyam ines and diam ines. The retention 
o f  the am ines on the co lum n is based upon the cation ic  nature o f  these com pounds w ithin 
an appropria te  pH  range to r the protonation o f  the am ino  groups. The pH o f  the m obile 
phase w as se t at 5.2. to assure the protonation o f  these  com pounds. This pH w as 
estab lished  based upon the equilibrium  data given in [94], w hich indicate the polyam ines 
and d iam ines generally  have a first acidic association constan t in the range from 9.5 - 10.5. 
As one o f  the s trongest com m only used m onovalen t ca tions. K - was chosen to e lu te  the 
analyte com pounds. C are  should be taken in choosing  the cation to be used to elu te  the
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anaiytes r'rom th e  coium n. as som e o f  the d ivalent ions, such  as C u --. Co-~ and Zn-~ m av 
interfere w ith th is  detection approach  by binding to L -T rp  and  the am ines. O ther divalent 
ions, such as C a-~ . and Ba-~. m ay form  hydroxides and  p recip ita te  at the detection pH 
used in this s tu d y . K.CI was used to adjust the streng th  o f  the m obile phase. Plots o f  the 
c a p a c ity  factors o f  sperm ine and sperm idine versus th e  K.C1 concentration  o f  the m obile 
phase are given in  Figure 5.4. Based on these data, a m ob ile  phase contain ing  0.8.V1 K.CI 
was chosen to e lu te  the m ixture o f  sperm ine and sperm id ine  isocratically.
3.3.3 Chromatographic Detection Optimization
A Cut L-Trp »2-based  fluorescence detection schem e for detecting  sperm idine, 
sperm ine. 1.2-diam ines and 1.3-diam ines was im plem ented  follow ing the chrom atographic 
separation. A so lu tio n  containing 0.05 m.Vl C u (L -T rp ); in 4 m M  sodium  borate was 
mixed with the co lu m n  eluent postcolum n. The concen tra tion  o f  sodium  borate, the 
postcolum n reac tio n  buffer w as set larger than that o f  the  acetic acid, the m obile phase 
buffer, to assure a  larger buffering capacity  for the form er.
The pH o f  the  solution in the detecto r flow cell is a very  im portant experim ental 
param eter w hich needs to be controlled  for several reasons. The tluorescence o f  CuiL- 
T rp i; is pH d ep en d en t since the extent o f  Cut II) and L -T rp  com plexation  is a  function o f  
pH. and the d eg ree  o f  tluorescence quenching is d irectly  related  to the extent o f  
com riexation . T h e  com plexing affinities o f  the po lyam ines to Cut II) are also dependent 
on me solution pH . w ith only the deprotonated form s o f  the polyam ines coordinating
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Figure 3.4: Capacity factors (k) for spermine and spermidine plotted versus the concentration 
of KCI in the mobile phase
' J  i
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effic ien tly  to Cu(II). Based on these considera tions, the pH needs to  be  ad ju sted  so that 
the background fluorescence o f  the so lu tio n  is relatively low. thus p ro v id in g  a  "d a rk "  
background, while at the sam e tim e resu lting  in high complexing affin ities fo r the anaivtes. 
It should  be noted that the optim um  pH  fo r  fluorescence quenching is no t necessarily  the 
pH  w hich results in the optim um  co m p lex in g  affin ities o f  the po lyam ines. A lso  the  
op tim um  detection pH for one p a rticu la r po lyam ine  m ight not be th e  o p tim u m  detection  
pH  for o ther polyam ines. So com prom ises  m ay  need to be made be tw een  those  factors to 
assure effective com plexation betw een C u -*  and  L-Trp. while at the sam e tim e prov ide 
good com plexation affinities o f  analy tes  fo r C u-* ion.
For an optim ized chrom atographic sep ara tio n  o f  these com pounds, the pH  o f  the 
so lu tion  in the detector cell w as ad justed  by changing the pH o f the p o s tco lu m n  reagent. 
To experim entally  determ ine the op tim al d e tec tion  pH for spermine an d  sperm id ine , 
m ix tu res o f  the two were injected in to  the  H PL C . separated, and the flu o rescen ce  signal 
in tensities obtained plotted as a function  o f  the  pH o f  the detected so lu tio n s  (F ig u re  3.5). 
T he figure show s that the tluo rescence sig n a ls  o f  the two polyam ines ch an g e  significantly  
in the pH range from 7.4 to 9.2. For sp e rm id in e , the signal increases s tead ily  o v e r th is pH 
range: for sperm ine, the tluorescence signal increases to a maximum value  a t pH  8.6 . and 
then  slow ly decreases. These pH  d ep en d en t patterns can be explained w ith  the  follow ing 
considerations. There are three factors a ffec tin g  the signal intensities o f  these  tw o 
a liphatic  poiyam ines: 1.) The d isso c ia tio n  o f  C u(L -T rp): increases b o th  ab ove  pH  8.1 
and below pH 8.1: 2.) The tluo rescence o f  free L-Trp steadily increases ab ove  pH  8.0.
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Figure 3.S Chromatographic peak intensities a s  a function of detection pH. The mobile 
phase was 0.8M KCI. buffered at pH 5 2 with 1.5 mM NaAc The postcolumn reagent was 
0.05 mM Cu(L-Trp)2 in a 4 mM sodium borate (Na2B«0?) buffer. The mobile phase and 
postcolumn reagent flow rates were 0.6 and 2.0 ml/min respectively. The amounts of 
sample injected were 320 pmol for spermidine and 160 pmol for spermine
yj icc
due to the tact that the depro tonated  form  o f  L-Trp has a h ig h e r tluo rescence  efficiency 
than zw itterionic L-Trp. as de term ined  in C hapter 2: and 3.) T he a ffin ities  o f  the 
polyamines for C u -- ion v a n - as the  changes, since com p lex a tio n  is affected by both 
the degree o f polyam ine pro tonation  and Cut II)- hydroxide com plexation . To determ ine 
how the pH affects C u(II)-po lyam ine com plexation. the co n d itio n a l stability’ constants. 
Kr'. o f  the two com plexes. Cut sperm ine) and Cut sperm idine), w ere  calculated  using the 
following rormula at d ifferent pHs:
K.t'= o \  x n r . c -  x K., (Eq 3.7)
in which K.- and K.r are the cond itional stability constant and the  stab ility  constant o f  the 
com plex, respectively: d A is the fraction  o f  unprotonated po ly am in es. w hich are 
expressed as for sperm ine and sperm id ine , respectively:
h \ = K..,' * K , : * k a; * k a4/< K a , * k 2;  * K;;i - k a4 -  k 3 , ~ k a2 * Kas * [H~] -
* [ H - ] - - K a, - [H~]3 -  fH-]-») (Eq. 3.S)
r> X '  k :;  - k a3 ( k ai * k a2 * -  k aI “ k o  “ [H*] ~ K a, * [H *]2 -  [ H ~ I
(Eq. 3 .9 1
and a . ; ;> the fraction o f  free C'u-~ w ith the consideration o f  C u ( I I ) - hydroxide 
com piexauon. w hich is expressed  as:
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h Cu- = 1 < 1- 6 , - [OH-] -  B; * [O H-]- -  B;, * [OH-]3 -  B4 * [OH-]-*) (Eq. 3.10)
The published pK.a's  o f  the two polyam ines w ere obtained from  [95]. T he published Kt 
values o f  Cu(sperm ine) and C u(sperm idine) w ere obtained from references [96] and [97]. 
respectively. From  the K.r‘ versus pH  plots presented in F igure 3.6. it can  be seen that o f  
the two com plexes. C u(sperm ine) has a  m axim um  K.,‘ at pH 9.7. and C u(sperm idine) has 
a m axim um  K.,' at pH 9.9. d e a r ly ,  the com plexing abilities o f  both polyam ines tend to 
increase in the pH  range 7.4 to 9.2. O f  the factors affecting signal streng th  cited above, the 
first one tends to lead to a decrease in fluorescence signal intensity w hen the detection 
solution pH is aw ay from  8.1. while the last tw o factors indicate increasing  pH enhances 
the signal intensity. The pH dependence patterns o f  the signals in F igure 3.5 are the 
com bined results o f  those three factors. Based on the data obtained, it can  be concluded 
for sperm ine, the first factor dom inates at pHs h igher than  8.6. thus, resu lting  in a 
decrease in signal intensity: while for sperm idine, the com bined effect o f  factors 2 and 3 
dom inates in the pH  range from 7.4 to 9.2. The detection  pH w as set a t 8.6 based on 
these considerations.
Increased baseline variability  w as observed w hen the postcoium n flow  rate was set 
low er than 2.0 ml m in due to pum p pulsation at the low er flow  rates. T he postcolum n 
flow rate was set to 2.0 ml m in. to m aintain a stable chrom atographic baseline, while at 
the sam e time, m in im izing  the dilution o f  the eluted analytes by the postcolum n reagent.
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Figure 3.6: Calculated conditional stability' constants (Kf* ) o f  
Cu(spermine) and C u(sperm idine) as a function o f pH
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3.3.4 Performance Evaluation for Detection o f Aliphatic Biogenic Polvamines
A represen tative chrom atogram  o f  sp erm in e  and sperm idine obtained at the o p tim ized  
detection cond itions is presented in F igure 3.7. R epresentative chrom atogram s o f  the 
diam ines are presented in Figure 3 .S. T he fitted  param eters for the working curves 
obtained for sperm ine and sperm idine, in c lud ing  the detection limits (S N  = 3) and  
associated p recision  expressed as the relative standard  deviation (RSD> are g iven  in  T ab le  
3.1. The detec tion  lim its o f  the tw o biogenic polyam ines, sperm ine and sperm id ine are  5 
pm ol and 10 pm ol injected, respectively . T he linearity is good to the nmol range.
The developed  detection  m ethod w as found  to be free from problem s associa ted  w ith  
deriva tization  approaches w hile offering  experim ental and instrum ental sim plicity . 
D etection lim its for the biogenic po lvam ines obtained using the developed m ethod, 
com pare favorab ly  w ith som e o f  the reported  derivatization  m ethods [88. 98]. T he 
developed detection  m ethod is also com parab le  to the w ell-developed electrochem ical 
m ethods, w h ich  generally have detection iim its ranging from 5 - 2 0  pmol [32. 93. 99 . 100].
3.4 C onclusions
A sensitive and sim ple w ay o f  detecting  the biogenic aliphatic polvam ines and  
diam ines fo llow ing chrom atographic separation  has been developed based on a 
postcolum n, non-derivatization  reaction. The basis for this detection schem e is the 
fluorescence o f  L-Trp. w hich is quenched  in copper(II)-L -T rp  com plexes. The 
fluorescence o f  L-Trp recovers w ith the ad d itio n  o f  analytes that have a greater Cu^~ ion
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s.o 10.04  00
T im e  (m in i
F ig u re  3 .7 :  R ep re sen ta t iv e  ch rom atog ram  o f  sp c rm m e and  sp e rm id in e .  S ep a ra t io n  was 
achieved u s in g  a H am il ton  P R P -X 2 0 0  SC X  co lu m n  at am b ien t  te m p e ra tu re .  T h e  m o b i le  phase 
was O.sM K C i ad jus ted  to a p H  o f  5 .2 with 1.5 m*\l aceta te  b u tte r .  T h e  p o s tc o lu m n  reagent wa? 
11 .u5M C u iL - T r p i ;  buffered  at pH  S.6 with 4  m \ l  sod ium  bora te  iN a^B jO -* .  T h e  e lu e n t  and 
postco ium n reag en t  flow ra tes  w ere  O.Sml/min and 2 .0 m l/m in  re sp e c t iv e lv . P eak  a: spermidine. 
o4upmol: p e a k  b: sperm ine .  3 2 0 p m o l
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T im e  (m ini 
2
F ig u re  3 .8 : R epresen ta t iv e  ch ro m a to g ra m s  o f  d ia m in e s :  1 1) C h ro m a to g ra m s  o f  2.5- 
d iam in o r ro p iu n ic  acid ta t .  ! .5 -d iam in o p ro p a n e ib i  an d  N -m eihvIenee ih>  ie n e d ia m in e io .  e a c h  o f  I nmoi.  
(2) C h ro m a io g ra m s  ot ia i .  1.5 -d iam in o p ro p an e (b i  an d  N -m e th y le n e e th y ie n e d ia m in e ic i .  e a c h  o f  0.5 
nm ol,  and N .N  -d im e th y ie n ee th y len ed iam in e id i .  0 .S5 n m o l .  T h e  m obi le  phase  w as O.-IM K C l ad jus ted  
at pH 5 2 •.'.itn 1.5 m.VI acetate  buffer.  S epara t ion  w as  c o n d u c te d  using a H am il to n  P R P -X 2 0 0  S C X  
co iu m n  at am bien t  tem p era tu re .  T h e  p os tco lu m n  re a g e n t  w a s  0 .05 rruM C u iL - T r p i ;  bu ffe red  at 8.6 w ith  
m M  sodium  borate .  T h e  e lu en t  and p os tco lu m n  r e a g e n t  f low  rates w ere 0 .8 m l/m in  a nd  2 .0 m l/m in .  
re sn e c tn e : ' .
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P o iy a m in e  l in e a r  r a n g e i p m o l  i r e g r e s s io n  e q u a u o n "  r r D l f i p m o l i  R S D ^ f ^ i
s p e rm in e  5 - LOCK) H =  0 .6 0 8  -  0 .1 9 3  x C  0 .99 91  5 4.6
sp e rm id in e  1 0 -  1 .0 0 0  H =  0.74-5 1- 0 . 0 7 4  x C  0 .9 9 6 4  10 3.5
■ H. peak, h e ig h t :  C .  a n a ly t e  m o l e s u n  p m o l s i .  b C o rre la t io n  c o e f f i c i e n t . '  D e te c t i o n  l im i t .  J R e la t iv e  
s t a n d a rd  d e v ia t io n  iN  =  5 fo r  5 2 0  n m o i  s p e r m in e  a n d  640  p m o l  s p e rm id in e  m i e c t e d .  r e s p e c t iv e ly  1.
T a b le  3 .1 :  C h a r a c t e r i s t i c  p a r a m e t e r s  o f  t h e  c a l ib r a t io n  g r a p h s  < 
a n a ly t i c a l  f i g u r e s  o f  m e r i t  f o r  t h e  d e t e r m in a t io n  o f  p o ly a m i n e s .
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affin ity , such as the aliphatic po lyam ines and diam ines. Thus, the presence o f  these 
com pounds in the HPLC eluent can be inferred by m onitoring the fluorescence o f  L-Trp. 
S olu tion  pH has a strong effect on th is  detection  system. Three factors co n ce rn in g  the 
effect o f  pH on the C u--  - L-Trp com piexation . the L-Trp fluorescence e ffic ien cy , and 
the C u -- - analyte com piexation w ere d iscussed . The detection pH  was o p tim ized  a t 8.6 
for the tw o biogenic polvam ines. sperm id ine  and spermine. The detection  lim its follow ing 
H PLC separation are 5 and 10 pm ol in jected  for spermine and sperm id ine, respectively , 
w ith  linear response regions up to n m o l. T he perform ance o f  the op tim ized  detection  
m ethod was com pared to reported d e tec tio n  methods for the biogenic po lyam ines. The 
developed  detection m ethod also has the advantages o f  sim plicity and good  sensitiv ity .
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Chapter 4 
Detection of Natural Amino Acids Following HPLC 
Separation with Cu(L-Trp>2 as the Postcolumn Reagent
4.1 Introduction
Natural am ino  acids are the essential com ponents o f  p ro te ins and are found in a w ide 
ranee o f  sam ples, such as biological tissues and fluids, foods and industrial products [2]. 
Detection o f  am ino  acids following chrom atographic separa tion  is o f  great interest due to 
the biological sign ificance o f these com pounds [2. 101 ]. D ue to the lack o f  a strong 
chrom ophore o r fluorophore. detection o f  these  com pounds is far from straightforw ard 
with conventional L 'V-VIS or fluorescence detection. T raditional detection methods 
involve chem ically  derivatizing the natural am ino acids e ith e r prior to or after separation. 
Dansyl chloride [102 . 103]. o-phthaldehyde [104] and phenylth iohydanto tn  [105] are 
among the m ost com m only  used precoium n derivatization  reagen ts for the analysis o f  
amino acids. T yp ical issues which can be encountered w hen  using a detection method 
requiring deriva tization  include: the sam ple preparation can  be tim e-consum ing and labor 
intensive: the deriva tiza tion  process m ay add im purities to the sam ple: the derivatives 
formed may be unstab le: and more than one derivative m ay be produced for some am ino 
acids resulting in the  presence o f additional, unw anted peaks in the chromatograms.
C onsiderable e ffo rts  have been expended in the developm ent o f  schemes for detecting 
the am ino acids w ith o u t derivatization. D etection o f  underiva tized  am ino acids, based on
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a chem iium inescent ox idation-reduction  reaction m echanism, has been ach ieved  with the 
use o f  tn si2 .2 '-b ip y rid y h ru th en iu m (III) [23 - 26]. This is added e ith er postco lum n or 
generated in situ. Studies are being  carried out which are aim ed at overcom ing  several 
problem s encountered w ith th is approach  to detection, inciuding reducing  the com plexity 
o f  instrum entation required . It has also been reported that d ifferen t am ino  acids show 
significantly d ifferen t responses using  this detection m ethod, w ith  p ro line being  the m ost 
response e having a chem ilum inescence reaction efficiency 250 tim es greater than the 
am ino acid with the low est response , serine [24], These d isadvan tages m igh t lim it further 
use o f  this scheme for real b io log ical sam ples. Indirect UV-Y IS and  fluorescence detection 
o f  am ino acids have been u tilized  in both HPLC [29. 30] and C Z E  [31 ]. by explo iting  the 
p ropem  that the am ino  acids ex is t as ionic forms at appropriate pH s. E ither ionic L'Y- 
YIS absorbing species o r fluo resc ing  species are added to the m obile  phase, not only to 
elute the analytes but also to ind ica te  the presence o f  the analy tes. A s an  ion ized  am ino 
acid eiutes from the co lum n, the concentration  o f  the counter ions in the m obile  phase, 
w hich are being m onitored , decreases to m aintain electroneutrality in the m obile  phase. 
Thus, negative peaks ind icate  the  presence o f  the analytes. D ue to the  inheren tly  high 
background, this schem e often  suffers from baseline drift and fluctuation , resulting  in 
relatively high detection  lim its. T he high background results in baseline drift w hen using 
gradient eiution. w hich is oner, necessary  for comDiex m ixture o f  analy tes w hich have a 
w ide range o f affin ities to the s ta tionary  phase. A num ber o f  elec trochem ical m ethods 
have aiso been developed and com m ercialized  tor detecting am ino acids. Reasonably low
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detection lim its (~- 20 pm ol) have been achieved [34]. Electrochem ical m ethods are also 
m ore selective than other m ethods. A com m only  encountered p rob lem  w hen using 
e lectrochem ical m ethods fo r detection is the poison ing  o f  the noble m etal electrodes [32.
33].
The literature contains sev eral exam ples o f  am ino  acid detection schem es w hich exploit 
the com piexation  abilities o f  these com pounds. A n indirect chem ilum inescence detection 
m ethod has been reported, w hich takes advan tage o f  the fact that transition  m etal ions, 
such as C u -- and C o--, catalyze the lum inol chem ilum inescence reaction [35. 36]. Binding 
o f  the m etal ions to the am ino acids how ever, m ake these ions m uch less efficient 
ca ta lysts for th is reaction. D etection is based on add ing  the chem iium inescen t reagents to 
the m obile phase via postcolum n mixers. W hen the separated am ino acids elu te from 
colum n, they form com plexes with the catalytic m etal ions, resu lting  in a loss o f  the 
chem ilum inescence signal being detected. A t least tw o postcolum n pum ps are required 
due to the short-lifetim e o f  the chem iium inescent signais. which increases the instrum ental 
com plexity  and introduces additional extracolum n bandbroadening. R elatively high 
detection  lim its were obtained at the nm ol in jected  level due to the high 
chem ilum inescence background. .Another indirect electrochem ical detection schem e, used a 
copper-selective  electrode as a potentiom etric d e tec to r [37. 381. A so lu tion  containing 
Cu-* ion w as added to the e luen t postcolum n. C om piexation  betw een C u -- and am mo 
acids resu its in the loss o f  C u --  activity, w hich is a  m easure o f  am ino acid  concentration 
in the co lum n effluent. A problem  tor this m ethod w as that Cu( I I ) ox ide and  hydroxide
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ea s i iy  deposit on the electrode surface resulting in the deactivation o f  the electrode. The 
fact that am ino acid - Cu( II) com plexes have a strong L’V-VIS absorption around 240 am . 
was also used to detect am ino acids [39]. C u-- ion w as added to the m obile  phase. Amino 
acids w ere separated as the Cu( I I ) - am ino acid com plexes, which can be detected with a 
conventional HPLC L’V-VIS detector.
The research presented here w as directed at developing  a new  fluorescence detection 
schem e for am ino  acids. It has been  show n that the fluorescence o f  L -Tryptophan (L- 
Trp). an arom atic  am ino acid, is quenched  in the presence o f  Cu(II) ion [53. 54], In 
C hapter 2. calculations w ere used to dem onstrate that fluorescence quenching is due to 
the form ation o f  a  Cut L-Trp b  com plex . In the p resence o f  other amino acids, w hich have 
a significant affinity for Cut II). som e fraction o f  the L-Trp is expected to be released from 
the com plex. L-Trp fluorescence is thus recovered, as show n by:
Cut L -T rp ); -  nA C u (A )n -  2 L-Trp* (E q .4 .1 )
w here A is the analyte m olecule: L-Trp* is the fluorescently  active form o f  L-Trp and n 
is the num ber o f  the analyte m olecu les coordinated to Cut I I ).
This approach  to HPLC detection  m ay provide several advantages over o ther indirect 
L’V -V IS. fluorescence and chem ilum inescence detection m ethods. A relatively "dark" 
background assures baseline stability* and a iow noise level: the reaction requires minimal 
added postcolum n mixing: and. in contrast to detection schem es based on a
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chem ilum inescence reaction, w hich have a very  sh o rt lifetim e, no effort is needed  to 
fu rther m inim ize the volume betw een the m ixing te e  and detection cell. A no ther advantage 
o f  th is app roach  is that it should  be im m une to in terference from any com pound  w hich  
does not com plex  with Cu(II) ion.
4.2 M aterials and Methods
4.2.1 M aterials
The follow ing L-amino acids w ere purchased from  Sigm a Chemical Co. (St. Louis.
M O . L 'SA ): lysine <Lys). alanine (A la), glycine (G ly j. vaiine (Val). proiine (Pro), 
iso leucine (He), leucine (Leu), m ethionine (M et), th reon ine  (Thr). serine (S e n . h istid ine 
(H is), a rg in ine  (Arg). phenylalanine (Phen). g iu tam ic  acid (GIu). aspartic acid  (A sp), 
cy stine  (C ys). cysteine (C ysH ). hom ocystine (H cy s). hom ocysteine (H cysH ) and  
ty rosine  (T yr). Reagent grade copper sulfate, so d iu m  acetate and sodium  borate 
(N a^B jO - • 10 H ;O ) were purchased from  J.T . B ak er C hem ical Co. (Phillipsburg. N J. 
U SA ). All chem icals were used as received w ith o u t fu rther purification.
T he de ion ized  w ater used in the preparation  o f  standard  solutions and e luen ts  w as 
o b ta ined  from  a M illi-Q w ater system  (M illipore. B edfo rd . M A. L'SA). All m ob ile  
phases w ere  tillered  through a (J.45 um  nylon filte r ( W hatm an. H illsboro. O R . U SA ) prior 
to use. D ilu te aqueous solutions o f  reagent grade sod ium  hydroxide (Fisher. P ittsburgh . 
PA. U SA ) and hydrochloric acid (B aker. P h illipsburg . N'J. USA) were used to ad ju st the 
pH o f  the m obile  phases and postco lum n reagents.
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The instrum entations to r chrom atographic separa tion  and  detection  are sim ilar to the 
instrum entations used  in C hap ter 3. except that sep ara tio n  o f  th e  am ino acids was 
achieved w ith  the use o f  a D ionex (Sunnyvale. CA . U S A ) SA X  A M IN O PA C -PA  10
ar.ai;. uca: co lu m n .
4.2.2 C hrom atographic Separation/Detection
The schem atic o f  th e  instrum ental setup is p resen ted  in  F igure 3.3. The concentration 
o f  acetate ion in the m ob ile  phase w as adjusted for th e  base line  separation o f  the am ino 
acids. The pH o f  the m o b ile  phase w as adjusted to 11.6 . T he m ob ile  phase flow rate was 
set at ij.3 ml m in. M obile  phases w ere purged with h e lium . T he postcolum n reagent, a 
U.05 mM Cu( L -T rp )? so lu tion  buffered with 3 m M  so d iu m  bora te  (N a^B jO -). was 
introduced into the m ix ing  tee. w here it m ixed with th e  co lum n  eluent. The postcolum n 
reagent pH w as ad ju sted  w ith  e ither a 2M  NaOH so lu tio n  o r  a concentrated hydrochloric 
acid solution.
4.3 Results and D iscussions
4.3.1 C hrom atographic Conditions for Separation o f Am ino Acids
The pH o f  all m ob ile  phases w as adjusted above 1 1.0 to assu re  appropriate ionization 
ot the am ino acids for separation  using the anion exchange co lum n, since most am ino acids 
h a \e  a first acidic asso c ia tio n  constan t in the pH range o f  9 .2  - 10.0 [63]. A polym er 
based anion exchange co lum n w as chosen to avoid the degrada tion  o f  a silica based
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
stationary  phase at these high pH s. T he am ino  acids: Lys. A la. G ly . Y al. Pro. He. Leu. 
M et. Thr. Ser. His and A rg are w eak ly  reta ined  on the D ionex S A X  A M IN O PA C -PA IO  
stationary phase and w ere separated  w ith an  8 mM XaAc m obile  phase . The am ino acids 
Phen. G lu. Asp. Cys and Tyr. a re  strong ly  retained on this p a rticu la r stationary  phase 
and w ere baseiine separated w ith a  m obile  phase containing 0.25.M N aA c. The three 
sulphur-containing am ino acids (M et. C ys and  Hcvsi were base line  separated  w ith a 
m obile phase containing 0.4M  N aA c. For experim ents with the tw elve  w eakly retained 
am ino acids, the m obile phase w as constan tly  purged with heiium  to p reven t carbon 
dioxide absorption from the a tm osphere , w hich affects ch rom atograph ic  reproducibility  
significantly . The postcolum n reag en t, a 0 .05 mM Cut L -T rp); so lu tion  buffered w ith 3 
mM  sodium  borate (N a^B jO -). w as in troduced  to the m ixing tee. w here it m ixed w ith the 
colum n eluent at a flow rate o f  0.3 m l/m in . The use of a flow con tro l dam pener was found 
to significantly im prove the p o s tco lu m n  flow  stability.
4.3.2 Effect of pH on the Detection
The pH o f the solution affects d e tec tio n  o f  the analytes in severa l w ays. The extent o f  
L-Trp com piexation w ith C u-- ion  is a function o f pH. w hich thereby  affects the degree 
o f  fluorescence quenching. The affin itie s  o f  the amino acids (w hich  are the analytes in this 
case) for C u-- are also dependent on  so lu tion  pH. with the dep ro to n a ted  form s o f  the 
am ino acids having a m uch stronger a ffin ity  for the Cu-~ ion. T herefo re , the pH o f  the 
analyte solution entering the d e tec to r flow  cell needs to be con tro lled  so that the
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background fluorescence ol'ihe solution is relatively  low. p rov id ing  a "dark" background, 
w hile at the sam e tim e allowing high affinities o f  the anaiy tes for C u -- ion.
To better understand  the nature o f  this detection  schem e, several types o f  equilibria 
m ust be considered  in an  aqueous solution o f  Cu( L -T rp); . including:
1. Cut I I » ion. L -Trp com piexation equilibria:
C u --  -  nX- [Cu(X)n]--r- (X = L-Trp. n = 1. 2> (Eq. 4.2)
2. L-Trp pro tonation  equilibria:
X- -  nH~ HnX»-! (X  = L -T rp . n = 1. 2) (Eq. 4 .3)
3 Cut I I » ion. hydroxide compiexation equilibria:
Cu-~ -  nOH- [Cu(OH)n]--n (n = 1 .2 .3 .4 )  (Eq. 4.4)
2 C u - - - 2 0 H -  —  Cu2(O H );--  (Eq. 4.5)
F luorescence quenching  of L-Trp results from  the form ation  o f  C u; - - L-Trp 
com plexes. H ow ever, the protonation equilibria, and the C u --  - OH- com piexation 
equilibria com pete  w ith C u-- - L-Trp com piexation  for both C u --  and L-Trp. As the pH 
o f the so lu tion  decreases. L-Trp protonation increases, w hile as the pH o f  the solution 
increases. C u --  - OH- com piexation increases. C alcu lations in the eariier pan  o f  this study 
indicated that a t a pH  o f  8. 1. the com piexation o f  C u --  - L -T rp  is optim um , resulting in 
optim um  fluorescence quenching.
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Though the above d iscussion  suggests  that pH 8.1 is the o p tim u m  pH to m onitor 
fluorescence quenching o f  L -Trp by the Cut I I ) ion. it m ight not be the ideal pH  for 
anaiyte detection for several reasons. For exam ple, the com piexation  ab ilities o f  the am ino 
acids to be detected are also  a ffec ted  by the pH o f  the solution. C o m p lica tin g  the 
situation further, the fluo rescence effic iency  o f  L-Trp is also d ep en d en t on  pH . For these 
reasons, three factors w hich  are d ependen t on the pH o f  the so lu tio n  m ust be considered:
1.! The dissociation o f  C u tL -T rp ); increases both above pH 8.1 and  b e low  pH 8.1: 2.) 
The fluorescence o f  free L -T rp stead ily  increases above rH  8.0. as  dem onstra ted  in Figure 
2.3. This pH dependence can  be exp la ined  by the fact tha t the d ep ro to n a ted  form o f L- 
Trp has a higher fluorescence effic iency  than zw itterionic L-Trp. 3). The affinities o f  the 
am ino acids for Cut I I ) ion vary  w ith  pH . since com piexation is a ffec ted  by both the 
degrees o f amino acid p ro tonation  and C u (II) - hydroxide com piexation .
To determine how  changes in the pH o f  the solution affect Cut I I ) - am ino  acid 
com piexation. the cond itional stab ility  constants. K,'. o f  the Cut II) - am ino  acid 
com plexes, represented as C u(A )2- w ere calculated using the fo llow ing  form ula at several 
pH s:
KT = K.t x d  x dcv.:' < Eq. 4.6 >
in which a  is the fraction o f  unp ro tonated  amino acid, and d c V  l^ e fraction o f free 
C'u--. raking into considera tion  the Cut II) - hydroxide com piexation . w hich  are expressed
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as:
d A- = Kai - Ka2 ( K.al * -  Ka , * [H -] -  [H '] - i  (Eq. 4.7)
b Cu:- = 1 ( 1 - 6 ; *  [OH-j -  132 * [O H -]- -  13- * [OH-]-’ -  Bj * [OH-J-H (Eq. 4.S)
w here K.,' and  K.t are the conditional stab ility  constan t and  the stability constan t o f  the 
com plexes, respectively . The pK.a's o f  the am ino acids and Kr values o f  the Cu(II) - amino 
acid com plexes w ere obtained from  the  literature [63]. R epresentative plots o f  the 
calcu la ted  conditional stability constan t K.t-' versus pH for C u iG ly h . C u(P hen)2.
C u(Lys>: . Cui A sp ): - C u iG lu ):. C u(Pro>: . Cu( A la i: . C u fT yri:. Cu( V a l): . C u(L eu): . 
C u (M et):. C u iT h r):- Cut His I: and C u (C y sH ):a re  presen ted  in Figures 4.1 through 4.14. 
T hese plots show that the conditional stab ility  constan ts for the am ino acids have 
m axim um  affin ities for Cu-~ ranging in pH from  7.8 for CysH  to 9.0 for Pro.
O f  the three pH dependent factors g iven  above w hich affect analyte detection , the first 
one tends to lead to a decrease in fluorescence signal intensity  when the pH o f  the 
detection  so lu tion  is either greater o r less than  8. 1: since the signal intensity  is inferred 
from the fluorescence o f free L-Trp. the second factor indicates that an increase in pH 
results in an increase in the signal in tensity : and  the third factor indicates that m ost o f  the 
am ino acids have a m axim um  com plexing ability at pH s o ther than 8.1.
To determ ine how  the com bination  o f  these three factors affects the intensities 
m easured for the chrom atographic peaks, experim ents w ere conducted in w hich the pH o f
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the postcoium n buffer so lu tion  w as adjusted. The peak in tensities o f  e igh t weakly 
retained am ino acids. Lys. A la. G h  . Val. Pro. lie. Leu. and M et are presented in Figure 
4.15. R epresentative chrom atogram s obtained for five strongly re ta ined  am ino acids.
Phen. Giu. A sp . C ys and  T y r a t detection conditions ranging from  pH ~.S to 9.4 are 
presented in F igure 4.16 . It can  be seen that for ail the am ino acids tested , the peak 
intensities increase stead ily  as detection pH increases in the range from  7.8 to 9.4. Based 
on the results o f  these experim en ts  it was concluded that in this test pH range the second 
factor plays a dom inan t ro le in determ ining the detection effic iency . S low  C ulO H h 
deposition developed  o v ern igh t w hen the postcolum n solution pH  was h igher than 9.1. 
resulting in detection  irreproducib ility  due to the change in so lu tion  com position. The 
optimum pH w as set betw een  8.8 to 9.U to assure the long term  stability- o f  the 
postcoium n so lu tion  .
4.3.3 Effect of Postcolumn Reagent Flow Rate on Detection
The flow  rate o f  the postcoium n reagent was adjusted in the range o f  0.5 - 3.5 ml. m in 
for the separation  o f  the th ree  am m o acids Met. Cys and H cys. F igure 4 .17  shows the 
chrom atogram s obtained at d ifferen t postcoiumn reagent flow rates. As observed in these 
chrom atogram s, the chrom atographic signal intensities for the am ino acids decrease as the 
postcoium n reagen t flow  rate increases, due to the dilution o f  the analy tes by the 
postcoium n reagent. H ow ever, for the particular postcoium n pum ping  system  we used, 
the :;ow instab ility  increases as the flow  rate is beiow 1.5 mi m in. A s show n in the Figure
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Figure 4.15: Chromatographic peak intensities as a Function of detection pH. The mobile phase 
was 8 mM NaAc at pH 11.6. The postcoiumn reagent was 0.05 mM Cu(L-Trp)2 in a 3 mM sodium 
borate buffer The mobile phase and postcoiumn reagent flow rates were 0 3 and 1.5 ml/min 
respectively The mass of sample injected was 250 pmol for each amino acid.
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Figure 4 .16  R e p re s e n ta t iv e  c h r o m a t o g r a m s  o f  5 a m in o  acids at d e te c t io n  pH > r a n g i n g  t r o m  
“ S5 u v 40. S ep a ra t io n  w a s  a c h i e v e d  on  a  D io n e x  A .M IN O P A C -P A IO  S A X  a n a ly t i c a l  c o l u m n  at 
am b ien t  len ipcra tu re .  T h e  m o b i l e  p h a s e  w a> 0 .2 5 M  N a A c  at pH ! • . 6 . T h e  p o s t c o i u m n  r e a g e n t  w-a> 
O 0 5  mM C u i L - T r p ' ;  in a  5 m M  s o d i u m  b o ra t e .  T h e  ma>s ot sam ple  im e c te d  s'- a s  2 5 0  p m o l  to r  
e a c h  amino acid , la i  P h en .  <b > G lu .  t o  A s p .  i d )  C y s .  ie i  Tyr.





i ime . m:n ■
F ig u re  4 .1 7 : R epresen ta tive  c h ro m a to g ram s  o r  a m in o  acids obtained at d irrerent p os tco ium n  
reag en t  flow, rates. Separation  was ach ieved  on a D io n ex  A M IN O P A C -P A Io  S A X  analytical 
co lu m n  at am bien t  tem pera ture .  T he  m obile  p h a se  w as O.-IM N aAc at pH II ~ Tite postco ium n  
reag en t  was 0.05 m M  Cu L -T rp n  b u t te r re d  at p H  S .”0  m  a 3 m M  sodium borate solu tion . T h e  mass 
oi sam p le  in jected  w ere  250 pm ol tor each  a m in o  acid . <ai Met. ih i  Cys. : .. i Hey s Postco ium n 
reag en t  How rate: ch rom atog ram  l: 5.5 m b m in :  2: 2.5  m l /m m :  3: 2.0 mL/min: -  l . 5 m l/m in : 5: l . 2 
m i /m m : 6: 0 .8 m l/m in :  ~ ' '  5 m l/m in
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4.1 7. the baseiine variability  increases as the flow  rate decreases. A com prom ise w as 
m ade between the chrom atographic signal intensities and baseline variability. The flow  
rate o f  the postcoium n reagent w as set at 1.5 m l/m in for this study.
4.3.4 Detection of Amino Acids under Optimized Separation/detection Conditions
R epresentative chrom atogram s show ing the separation o f  8 w eakly retained am ino  
acids and 5 sulphur-containing am ino acids obtained using the optim ized chrom atographic 
separation and detection conditions are presented in Figures 4.18 and 4.19. respectively . 
The detection lim it for C ys is 3.8 pm ol in jected  using a 10 u.1 injection loop. D etection 
w as reproducible, w ith relative standard  deviations less than 3.0® o for all three su lphur 
containing amino acids injected a t tw o d ifferent concentrations (see Table 4.1). L in e a r i ty  
is excellen t for the tested am ino acids up to low  nmol (For m ethionine, y  = 0.741 * x  -  
0.639. r -  = 0.9999. in the range 25 - 1000 pm ol for a seven point linearity  test). The 
detection limits for all o f  the am ino acids tested  are below 10 pm ol w ith the exception o f  
Tyr. w hich has a detection lim it o f  25 pm ol under the conditions tested.
The sensitivity o f  the developed chrom atographic detection schem e for the am ino 
acids com pares favorably to both the m ost sensitive direct detection m ethods reported  
thus far [34. i 06]. and CY-YTS detection  using precolumn derivatization [38. 107]. This 
detection schem e also has the advantage o f  sim plicity, good linearity, and good 
reproducibility . O ne o the r potential advan tage is its selectivity. M ost o f  the small 
peptides and biogenic m onoam ines have m uch low er affinities for Cu( I I ) than the
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F ig u re  4 .1 8 : R epresen ta tive  c h ro m a to g ra m  te r  the separa tion  o t  :s a m in o  acids. S epara t ion  wa> 
amities ed on a D ionev  A M IN O P a C -P A IO  S A X  analytical co lu m n  at em m er.t  tem pera tu re .  The 
m o n t e  pnase wa.s s  v lO'-'M X aA c  at pH l l  .6. T he  postco ium n reagen t w as  0.05 m M  C tn L - T r p s  
puttered  at pH S.70 in a 5 m M  so d iu m  borate  solution. T ne  m ass  or sam p le  injected w-as 250  pmol 
: r each am ino  acid. ia i  Lys. ib i  Ala. ici  G ly . (d i  Val. le i  Pro. < t'l He. ig i  Leu. (hi Met.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
O 2.0 4 II 6.0 8.0 0  2.0 4.0 6.0 8.0
T im e imin- T im e (mini
1 2
F ig u re  4 .1 9 :  R epresen ta tive  c h ro m a to g ra m s  to r  the separa tion  o f  3 su lph u r-co n ta in ing  am ino  
acids. S e p a ra t io n  w as ach iev ed  on a D io n e x  A M IN O P A C - P A I O  SAX analytical c o lu m n  at am b ien t  
te m p e ra tu re .  T h e  m ob i le  phase was 0.4.M N aA c  at pH  1 1.6. T h e  postcoiumn reag en t  w as  0.05 m.Vl 
C u i L - T r p i i  bu tre rred  at pH  S.~0 in a 3 m M  so d ium  bora te  solution. T he  mass o t  sa m p le  injected 
vvere ( I i 50  pm ol;  '2> 250 pmol to r each  a m in o  acid, (a i  Met. (bi Cys. <c> Hcvs.
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T a b le  4 .1 .  Statistical sum m ary ror detection or three suiphur -containing am ino acids 
roilovvmg chrom atographic separation, as represented in Figure 2.19.
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individual am ino acids [63]. resulting in m uch low er responses, w hich may prove to be an  
advantage for studies involving real biological sam ples.
It should  be noted that for reasonably good detection  limits to be achieved, the 
analytes should have an affin ity  for Cut I I ) at least com parable to L-Trp. W eaker affin ity  
for the Cu-~ ion by the  analy tes will result in s ign ifican tly  less L-Trp being displaced 
from the C u(L -T rp )2 com plex . M ost o f  the am ino acids have sim ilar chelating ability for 
Cu( II). containing one am ino group and one carboxyl group, indicating that all the analy te 
am ino acids have an affin ity  for Cu(II) ion w hich is s im ilar to L-Trp. though Cys has tw o 
am ino groups and tw o carboxyl groups, resu lting  in a  stronger chelating capacity and the 
lowest detection lim it.
4.4 Conclusions
Indirect fluorescence detection o f several am ino acids based on utilization o f  C u(L- 
T rp )2 as a postcoium n reagen t was coupled to a H PLC system . A D ionex SAX 
A .M INO PA C-PA lO  sta tionary  phase was used for the separation  o f  the ammo acids. 
Retention o f  the am ino  acids on this phase is con tro lled  by adjusting the concentration o f  
sodium  acetate in the m obile phase. As the m ost im portan t detection param eter, detection  
pH was optim ized by tak ing  into consideration three factors that are expected to affect 
the detection. These th ree factors include effect o f  the pH  on the com piexation betw een 
C u (II) ion and L-Trp. the effect o f  pH on the free L -Trp fluorescence and the effect o f  
pH on the affinities betw een Cut II i and am ino acids. B ased on the chrom atographic data.
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it was determ ined  that increasing  fluorescence efficiency o f  L-Trp w ith increasing  pH 
dom inates the pH  dependent pattern  o f  the chrom atographic signals. D etection  lim its o f  
m ost o f  the am ino acids fo llow ing chrom atographic separation are on the o rder o f  low 
pmoi injected. D ynam ic range is up to the order o f  nm ol. The developed detection  m ethod 
has several advantages com pared  to conventional H PLC detection approaches fo r am ino 
acids. It does not require com plica ted  sam ple preparation and is free from  the problem s 
associated w ith the derivatization  p rocess, such as deriva tive  instability.
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Chapter 5 
Separation and Detection of Aminoglycoside 
Antibiotics Following HPLC Separation v. *th Cu(L- 
Trp>2 as the Postcoiumn Reagent
5.1 Introduction
The am inoglycosides are a g roup  o t'com pounds w hich are  used  clinically  to treat 
serious infections. S ince the d iscovery  and  clinical use o t 's tre p to m y c in  in the I9 4 0 's . 
numerous am inoglycosides have been developed and in troduced as com m ercially  available 
pharm aceuticals. These am inog lycosides have a very broad an tim icrob ial spectrum  
extending rrom  gram -positive cocci to gram -negative bacilli [9], R ecently , the discovery o f 
a neamine dim er, the first an tib io tic  that inhibits both bacterial ribosom al R N A  and 
bacterial resistan t enzym es [108. 109], m ay initiate a m ajor rev iva l in interest in the 
am inoglycoside an tib iotics. T he m echanism  o f  actions for th e se  d rugs is that they bind to 
the surface o f  the bacteria and  a re  transported  through the cell w all. O nce w ithin the cell, 
am inoglycosides inhibit p ro te in  syn thesis by the m icroorgan ism s, resulting  in a rapid, 
concentration - dependent bacteric idal action [ 10. 110].
M onitoring o f  the am inog lycoside  concentration is im portan t in drug pharm acokinetic 
studies, as well as studies concern ing  the clinical efficacy and  side  effects o f  these drugs 
[ i l l ] .  T raditionally . H PLC analy sis  o f  the am inoglycosides in v o lv es  either precolum n or 
postcoiumn deriva tiza tion . since  they  do not possess functional g roups w hich strongly
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
absorb o r fluo resce  [112 - 114]. as dem onstrated  by the representative m olecular 
structures o f  the four am inoglycosides given in F igure 1.3. Common derivatization agen ts 
for the am inog lycosides are 1 -fluoro-2 .4 -d in itrobenzene (FDN'B) [115. 116] and related  
n itrophenylation  reagents such as 2.4.6 - trin itrobenzenesulphonic acid [109], and  o- 
ph thaldehyde (O PA ) derivatives [118], L im itations o f  detection approaches invo lv ing  
derivatization  often  include tim e-consum ing and labor-intensive sam ple preparation and  
the instab ility  o f  the derivatives. Various experim en tal factors such as the concentration  
o f  the deriv a tiza tio n  agent. pH. tem perature and  so lven t com position need to be ad ju sted  
to optim ize th e  derivatization reaction. D erivatives m ay degrade w ithin a few  hours a fte r 
the deriva tiza tion  reaction [111], w hich increases the  com plexity and low ers the 
reproducibility  o f  the analysis. In the case o f  the am inoglycosides, because they possess 
several am ino  groups, multiple derivatives m ay be produced fo ra  single com pound [113]. 
M uch effo rt has been, and currently is being expended  to seek nonderivatization m ethods 
for the analy sis  o f  the am inoglycoside antibiotics, am ong which puised electrochem ical 
detection [1 19 - 121] and mass spectrom etric detection  [122. 123] have been studied 
extensively. R ecently , detection o f  several am inoglycosides following chrom atographic 
separation based  on light scattering has aiso been reported  [124],
In this s tudy , the goal was to apply an ind irect fluorescence detection schem e for the 
analysis o f  the am inoglycoside antib iotics, using Cu( L -T rp): as a postcoium n reagent. 
C hrom atograph ic separation and detection co n d itio n s  w ere optimized, and the detection  
perform ance w as evaluated. The effect o f  an o rgan ic  m odifier in the chrom atographic
Reproduced w ith permission of the copyright owner. Further reproduction prohibited w ithout permission.
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m obile phase on detection  was evaluated, since reversed-phase chrom atography w ith  an 
organic m obile phase usually provides superior separation effic iency A nother natural 
fluorescent am ino  acid, tyrosine (Tyr). w as aiso investigated  fo r use with its Cu(II) 
com plex  C u iT y rb  as the postcoium n reagent.
5.2 M aterials and Methods
5.2.1 Materials
The am inog lycosides, am ikacin su lfate (C 22H4_'N'50 ! 3 • 2H 2S O 41. kanam ycin A 
sulfate (C isH .'hN jO p . • H 2SO 4). kanam ycin  B suifate (CisFU.-NAOt • 2H:SO_i>. 
neom ycin  su lfa te  (C 2;,H46NTOi3 • 2H 2SO 4). tobram ycin  su lfa te  (CisH '-tNTOq •
2H 2SO 4) and genetic in  sulfate (C^iPUnN’aOin • 2H 2SO 4) w ere pu rch ased  from S igm a (St. 
Louis. M O. U SA ). The am inoglycosides ribostam ycin  su lfate ( C i- H 34N4O 11) • 2 H 2S O 4 ). 
hygrom ycin  B (C 2o H '- N 'O i : 1 and neam ine (C^FU ^N jCU ). to g e th e r  with an 
am inog lycoside  rela ted  com pound, spectinom ycin  sulfate (C 'u P ^ N A O -*  H2SO4I. w ere 
purchased from  ICN  Pharm aceuticals (C osta  M esa. CA. U SA ). L -T rp  was purchased 
from A ldrich ( M ilw aukee. \VI. USA). R eagent-grade copper su lfa te  w as purchased from  
Fisher (P ittsburgh . PA. U SA ). R eagent-grade sodium  acetate, sod ium  borate <Na2B40 - 
•lO FU ui and naph thalene were purchased from B aker < Ph illip s’burg . N’J. USA). The 
deionized w ater used in the preparation o f  standard  solutions and  eluen ts was obtained 
from a M illi-Q  w ater system  (M illipore. B edford. M A. USA). A ll m obile phases and
Reproduced with permission of the copyright owner. Further reproduction prohibited w ithout permission.
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postco ium n reagents w ere filtered through a 0 .45 u m  nylon filter ( W hatm an. H illsboro. 
OR. U SA ) p rior to use. D ilute aqueous so lu tions o f  reagent-grade sodium  hydroxide 
(Fisher. P ittsburgh . PA . USA) and hydrochloric acid  (B aker. Ph illipsburg . \ :J. USA) w ere 
used to ad ju st the pH s o f  the m obile phases and  postco ium n reagen t. Com m ercial 
am inoglycoside form ulations were obtained locally .
A SIM  A M IN C O  lum inescence sp ec tro m ete r (SIM  Instrum ents Inc.. U'rbana. IU) 
was used for the static fluorescence studies. T he instrum en tations for the 
chrom atograph ic separation and detection are  s im ila r to the instrum entations used in 
C hapter 3 &  4. A H am ilton PRP-X 200 co lum n (250 x 4.6 mm I.D .: Reno. NY. USA), 
containing a  polym er-based strong cation ex ch an g er w ith a pan ic le  size o f  10 Lim. was 
used in the cation exchange chrom atographic m ode for the separation  o f  am inoglycosides. 
A SuipelcosiU U  octadecyl (Cjg) colum n (150 x 4.6 m m  I.D .; Supeico. Bellefonte. PA.
U S A ) w as used  in the reversed-phase ion p a ir ch rom atograph ic  m ode for the separation 
o f  am inoglycosides. For studies involving C u (U -T rp )2 as the postco ium n reagent, the 
excitation w avelength o f  the fluorescence d e tec to r w as set at 280 nm  and a  350 nm 
loncpass g lass filter w as utilized for selecting em ission : for studies involving CuiU-TyrU  
as the postco ium n reagent, the excitation w aveleng th  o f  the de tec to r w as set at 2S0 nm 
and a 300 nm  longpass glass filter was utilized for selecting em ission.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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5.2.2 Measurement Fluorescence of L-Tvrosine (L-Tvr) and CufL-Tvrb as a 
Function of pH
A solution o f  0.1 m M  L -T yr was prepared by disso lv ing  th e  appropria te  m ass o f  
soiid L-Tyr in de ion ized  w ater. The pH o f  the solution w as ad ju sted  in the pH range o f  
I S -  11.0. F luorescence o f  the solutions at d ifferent pH s w as m easu red . The excitation 
and em ission w aveleng ths w ere  set at 280 nm and 300 nm. respective ly , based on Ref.
[5oj .
A solution o f  0.05 m M  Cu( L-Tyr b was prepared by d isso lv in g  the appropriate 
masses o f  solid L -T yr an d  C u S O j • fHAD in deionized w ater. T he  pH o f  the solution was 
adjusted in the pH range  o f  1.8 - 11.0. The fluorescence data o f  th e  so lu tions at different 
pHs w ere m easured w ith  the excitation and em ission w aveleng ths set a t 280 nm  and 300 
nm. respectively. F igure 5.1 g ives the fluorescence intensities o f  0.1 m M  L-Tyr and 0.05 
mM C u (L -T y r)2 as a fu n c tio n  o f  pH.
5.2.3 Studies on the Effect o f  Methanol on L-Trn Fluorescence Quenching
Solutions con tain ing  0 .05  m M  C u(L-Trpb w ere prepared by d isso lv ing  the 
appropriate m asses o f  so lid  L -T rp  and C uSO j • 5 H :0  in a m ethano l w ater m ixture with 
m ethanol concen tra tions in the range o f f  - 50%  (by volum e). T he apparen t solution pH 
u a s  set at 8.1. The so lu tio n s  w ere buffered w ith a 4 mM  sodium  bo ra te  solution. The 
fluorescence data o f  the so lu tio n s  with different m ethanol concen tra tio n s  w ere m easured. 
The excitation and em issio n  w avelengths were set at 280 nm and 350  nm . respectively.



























Figure 5.1: Fluorescence of L-Tyr and Cu(L-Tyr)2 as a Function of pH. 
Excitation and emission wavelengths are 280 nm and 300 nm, respectively.
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Figure 5.2 gives the fluorescence in tensities o f  0.05 m M  Cut L-Trp b  solutions having 
d ifferen t m ethanol com positions at an ap p a re n t pH  S .i.
A so lu tion  o f  0.05 m M  Cut L -T rp)2 '■vas p rep ared  by d isso lv ing  the appropriate 
m asses o f  solid L-Trp and CuSOu- 5H2O in  30° o m ethanol (by volum e). The apparent 
pH o f  the solution w as adjusted in the ran g e  o f  1.8-11.0. The fluorescence data o f 
so lu tions at d ifferen t apparen t pHs w ere m easu red . The excitation and em ission 
w avelengths w ere set at 28(J nm and 350 rum. respectively . Figure 5.3 gives the 
fluorescence in tensities o f  O.imM  L-Trp and  0.05 m M  C u tL -T rp >2 in a 30°o m ethanol 
so lution as a function o f  apparent pH.
5.2.4 Fluorescence “Titration’'' of CufL-TrpH with Several Aminoylvcosides
A solu tion  o f  Cut L -T rp b  was p repared  by d isso lv ing  the appropria te  m asses o f  
solid L -Trp and CuSO ^ • 5 H :0  in an aqueous sod ium  borate solution. Solutions 
contain ing different concentrations o f  the am inog lycosides were added  to standard 0.05 
mM C u tL -T rp b  so lu tions containing 4 m.M sod ium  borate ad justed  at pH S .I. This 
approach  provided a titra tion  o f  the Cut L -T rp  >2 '•vith these com pounds in aqueous 
solution. The fluorescence intensities m easu red  versus the concentration  o f  the four 
am inoglycosides: am ikacin , kanamycin A. k anam ycin  B and neom ycin, are plotted in 
Figures 5.4 through 5.7.
The titration experim en ts were repeated u sing  solutions con tain ing  300-o m ethanol by 
volum e at an apparent pH o f  8.1. The flu o rescen ce  in tensities ob ta ined  are plotted versus
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Figure 5.2: Effect of methanol concentration on flourescence quenching of 0.1 mM L-Trp by 
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Figure 5.3: Fluorescence of L-Trp and Cu(L-Trp)2 as a Function of pH in 30% 
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[kanamycin B] 104M
Figure 5.6: Stoichiometric study of the reaction of 0.05 mM Cu(L-Trp)2 with kanamycin B. The 
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Figure 5.7: Stoichiometric study of the reaction of 0.05 mM Cu(L-Trp)2 with neomycin. The pH 
of the solutions was buffered at 8.1 with 4 mM sodium borate
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the concentration o f  am inoglycosides ad d ed  an d  are presented in F igures 5.8 through 5 .11 .
5.2.5 Separation/detection o f Aminoglycoside Antibiotics in a Cation Exchange 
Chromatogranhic Mode
A H am ilton PR P-X 200 cation exchange co lum n was used fo r the chrom atographic 
separation o f  the am inoglycosides. S epara tio n  o f  the am inog lycoside  antibiotics was 
achieved by adjusting  the concentration o f  po tassium  brom ide in the  m obile phase. T h e  
pH o f the m obile  phase w as buffered w ith  1.5 m M  sodium  ace ta te  a t pH  5.5. The 
postcoium n reagent, a 0.05 m M  C u iL -T rp b  aqueous solution bu ffered  w ith a 4 m.M 
sodium borate  (N a iB jO -). w as added v ia  a  m ix ing  tee to the co lu m n  eluent. The pH  o f  
the postco ium n reagen t w as adjusted in the  ran g e  o f  8.1 - 9.0.
5.2.6 Separation/detection o f Aminoglycoside Antibiotics in a Reversed Phase lon-  
nair Chromatographic Mode
A nother set o f  experim ents were p erfo rm ed  using S upelcosilTNI C |g  colum n for the 
chrom atographic separation  o f  the am inoglycosides. Separation o f  the am inoglycoside 
antibiotics w as achieved  by adjusting the concen tra tions o f  pen tafluoroprop ion ic  acid 
f PFP.Ai and  m ethanoi in the m obile phase. T h e  postcoium n reag en t, w as a 0.05 m.M 
Cui L -T rp »2 in a 30%  m ethanol solution b u ffe red  with a 40 m M  sod ium  borate. The 
apparent pH  o f  the postco ium n reagent w as ad ju sted  in the range o f  8.1 - 9.4.
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Figure 5.8: Stoichiometric study of the reaction of 0.05 mM Cu(L-Trp)2 with amikacin. The 
solutions contained 4 mM sodium borate (Na2B40 7) and 30% methanol (by volume). The 
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[Kanamycin A] 104M
Figure 5.9: Stoichiometric study of the reaction of 0.05 mM Cu(L-Trp)2 with kanamycin A. The 
solutions contained 4 mM sodium borate (Na2B40 7) and 30% methanol (by volume). The 
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Figure 5.10: Stoichiometric study of the reaction of 0.05 mM Cu(L-Trp)2 with kanamycin B. 
The solutions contained 4 mM sodium borate (Na2B40 7) and 30% methanol (by volume). The 
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[Neomycin] 104M
Figure 5.11: Stoichiometric study of the reaction of 0.05 mM Cu(L-Trp)2 with neomycin. The 
solutions contained 4 mM sodium borate (Na2B40 7) and 30% methanol (by volume). The 
apparent pH was 8.1.
OO
1 19
5.2.7 Effect o f Addition of Postcoiumn Reagent on Chromatographic Column
E ffic iency
A S upelcosil™  Ci« coium n w as used for th is study. A solution o f  100 ppm  
naphthalene w as prepared by d isso lv ing  the appropria te am ount o f  naph thalene in 
m ethanol. T he m obile phase was a 60%  (by volum e) m ethanol solution. The m ob ile  phase 
How rate w as set at 1.0 mi min. T he excita tion  w avelength o f  the fluorescence d e tec to r 
was set at 280 nm  and a iongpass g iass filter w ith  a cu to ff w avelength at 290 nm  w as used 
to select the em ission. The 1U0 ppm  naph thalene standard sam ples w ere injected. 
Postcoium n reagent w ith the same com position  o f  m obile phase w as added  to th e  co lum n 
eluent via the m ixing tee. with the tlow  rate a t 0 . 1.0. 2.0 and 3.0 m l/m in. respectively .
The chrom atogram s obtained at d ifferen t postco ium n flow  rates are presented in  F igure 
5.12. The num ber o f  the theoretic p lates ( N ). a m easure o f  the experim ental effic iency , 
w ere calculated at different flow rates based on:
N = 5.54 x <tr . (Eq. 5.1)
in w hich tr and  \V| ;  represent the ch rom atograph ic  retention time and peak h a lf  w idth , 
respectively..
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c o m p o s i t i o n  w i t h  t h e  m o b i l e  p h a s e ,  l i x c i t a t i o n  a n d  e m i s s i o n  w a v e l e n g t h s  a r e  2 8 0  n m  a n d  2 9 0  n m ,  
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5.3 Results and Discussions
5.3.1 Stoichiom etric Studv of the Detection Reaction
Based on  the  titration  data show n in F igure 5.4 to Figure 5.7. the fluorescence 
intensities o f  the solu tions increase as the am ount o f  am inoglycosides added increase. All 
the piots show  tha t the recovered fluorescence signal reaches a plateau w hen a 
sto ich iom etric am oun t o f  the com pound is added to the detection reagent. A 
sto ich iom etric ratio  o f  1 : 1 for [A] : [Cu( L -Trp h] (A represents am inoglycosides here) is 
determ ined from  the titration  data, w hich  corresponds to the reaction:
C u iL - T r p b -  A =  C u(A ) -  2 L-Trp* (Eq. 5.2)
in which L -Trp* represents fluorescently active L-Trp. This reaction is in good ag reem en t 
w ith the resu lts  o f  electrochem ical and o th e r spectroscopic studies, in w hich 
am inoglycosides form  1 : I com plexes w ith  Cut II) [ 125 - 127], Thus, every 
am inoglycoside m oiecule displaces tw o fluorescent L-Trp molecules from the com plex  
Cu< L-Trp i;.
S im ilar s to ich iom etric  studies were conducted  for the 30% m ethanol solutions. The 
data presented in F igures 5.8 through 5 .11 . indicate that the presence o f  an  organic so lvent 
doesn ’t afreet the i : 1 stoichiom etric ratio  for the reactions betw een am inoglycosides and 
the Cui L-Trp »2 com plex .
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5.3.2 Detection of Aminoglycoside Antibiotics Senarated in a Cation Exchange
Chromatographic Mode
5.3.2.1 Separation Condition Optimization
A schem atic diagram  o f  the instrum ental setup  w as presented in F igure 3.3. D ue to 
the strong hydrophilicity  o f  the am inog lycosides, these com pounds are  d ifficu lt to retain 
under reversed-phase conditions. C urren t sep a ra tio n  m ethods fo r th ese  com pounds 
include reversed phase ion-pair chrom atography [122. 128]. and e ith e r cation exchange or 
anion exchange chrom atography [119 - 121. 129], A strong cation exchange stationary 
phase w as utilized here. T he retention o f  m o st o f  the am inog lycosides on the H am ilton 
SCX colum n is based on the cationic na tu re  o f  these com pounds w ith in  an appropriate 
pH range for the protonation o f  the am ino g roups. M ost am inog lycosides have a first 
acidic association constant in the range o f  8.8 to 10.0 [125 - 127]. F o r the cation exchange 
stationary phase used in th is study, to assu re  appropria te  and ad eq u a te  ionization o f  the 
am inoglycosides, the pH o f  the m obile phase w as adjusted  to 5.5 w ith  acetate buffer. KBr 
w as used to adjust the strength  o f  the m ob ile  phase. A  plot o f  the capacity  factors o f  four 
o f  the am inoglycosides tested  versus the K B r concen tration  o f  the m obile  phase is given 
in Figure 5.13. A mixture containing am ikacin , kanam ycin  A. kanam ycin  B and neom ycin 
can be baseiine separated using a m obile phase  contain ing  0.7M  K Br. This m obile phase 
condition is also capable o f  providing baseline separation for a m ix ture containing 
hygrom ycin B. ribostam ycin. tobram ycin  and  spectinom ycin . o r a  m ix tu re  o f  geneticin 
and neam ine. W ith the exception  o f  spectinom ycin . the elution o rd e r is consistent w ith 
the num ber o t am ino groups, the am inoglycosides possessing m ore am ino  groups being
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Figure 5.13: Capacity factors (k') for selected aminoglycosides plotted versus the 
concentration of KBr in the mobile phase
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retained longer. Spectinom ycin. how ever, has a  constan t capacity  factor o f  2.4. w h ich  is 
independent o f  the K B r concentration o f  the m obiie p h ase  tn the range from 0.6 - 1.0 M. 
suggesting a retention m echanism  other than ion exchange.
5.3.2.2 Ontimization o f the Detection Conditions
Possessing m ultip le am ino groups, the am inoglycosides are effective chelators o f  
C u d l» ions [125 - 127]. L'pon m ixing with a C u (L -T rp >2 so lu tion , the am inogiycosides 
disp lace the L-Trp from  the com plex and the fluorescence o f  L -Trp is thereby recovered . 
Thus an increase in L-Trp fluorescence is indicative o f  the presence o f  the 
am inoglycosides.
D etection pH . w hich  is one o f  the m ost im portan t p aram eters  for this approach  to 
H PLC detection, w as optim ized by adjusting the pH o f  the  postco ium n reagent, w h ich  is 
0.05 m.M Cut L -T rp >2 in a 4 m.M sodium  borate buffer. A s show n in Figure 5.14. the  
chrom atographic signal intensities o f  the am inoglycosides generally  increase in the pH  
range o f  8.1 - 9.0. except for neom ycin, for w hich the fluo rescence signal intensity 
decreases slightly above pH 8.7. A com prehensive in te rp re ta tion  o f  how  the fo llow ing  
three pH  dependent factors affect detection, was given ea rlie r  [ 130. 131 ]: (1).
Fluorescence o f  free L-Trp steadily increases above pH  8.U. since the deprotonated free 
L-Trp has a h igher fluorescence efficiency than zw itterion ic  L-Trp. (2). A second 
im portan t factor is that L-Trp binds to Cu-~ ion m ost e ffic ien tly  at a pH o f 8.1 w ith  the 
greatest fluorescence quenching observed at this point. D issocia tion  o f  C u(L -T rp )2
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Figure 5.14: Chromatographic peak intenaitiea measured for the aminoglycosides versus detection
pH. The amounts of samples injected were amikacin : 293 ng; kanamycin A: 242 ng; kanamycin B: 242 ng; neomycin: 307.5
ng
i j  •>1
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increases both above and below  pH  8.1: (3). T h e  affin ities o f  the analy tes fo r C u-~. w hich 
in this study are the am inoglycosides, are pH  dependen t, since the b ind ing  betw een the 
analytes and Cu-~ ion is affected  by both the degree  o f  analyte protonation  and Cu-~ 
com plexation w ith  hydroxide ions. For the th ree  factors given here, the first one tends to 
lead to a chrom atographic signal decrease w hen  the detection pH is aw ay  from  8.1. while 
the o ther tw o factors tend  to resu lt in an increase  in the signal intensities as the pH  
increases. The change o f  pH affects the three factors for the different am inog lycosides to 
a different extent, due to the difference in the ir acid ic  association constan ts and num ber o f  
am ino groups. As show n in Figure 5.14. the second  and third factors are genera lly  the 
dom inant factors affecting the chrom atograph ic peak  intensities as the pH  increases, 
except for neom ycin , for w hich the first factor dom inates when the detec tion  pH is higher 
than 8.7. Due to the slow  precip ita tion  o f  Cut O H  b  in the postcoium n reag en t ab ove  pH
9.0. the detection pH w as set at 8.8 to assure long  term  stability o f  the reagent. T he  flow 
rates o f  the postcoium n reagent w ere evaluated in the range o f  1.0 to 2.2 m l/m in. fo r the 
separation o f  a m ixture o f  am ikacin, kanam ycin  A. kanam ycin B and neom ycin . A 
com prom ise was m ade betw een the decrease in signal due to dilution at h igher postcoium n 
reagent flow rates and increase in baseline fluctuation  at low er flow rates, as show n in 
Figure 5.15. The flow  rate o f  the postcoium n reagen t was set at 1.8 ml m in  as a 
com prom ise.
Standard solutions o f  the am inoglycoside w ere  prepared in distilled w ater and  the  
dynam ic ranges w ere obtained for the chosen com pounds under the op tim ized  separation










































































































































































































































































and detection cond itions. R epresentative chrom atogram s sh o w in g  the separation o f  the 4 
am inoglycosides, am ikacin , kanam ycin A . kanam ycin  B and  neom ycin  at two d ifferen t 
concentrations are given in Figure 5.16. Table 5.1 lists the sta tistical perform ance resu lts. 
The detection lim its for the four am inoglycosides range from  4 .2  ng for am ikacin to 14.5 
ng for kanam ycin  B injected on colum n w ith  a 10 u l in jection  volum e, which are 
com parable to de tection  lim its obtained for the w ell-developed  pulsed electrochem ical 
detection for th e  am inoglycosides, rang ing  from  4 to 15 ng  [ 1 10 - 122], R epresentative 
chrom atogram s for the separation o f  six  o ther am inog lycosides, hygrom ycin B. 
ribostam ycm . spectinom ycin . tobram ycin, geneticin  and n eam ine  are show n in Figure 
5.17.
C om m ercial am inoglycoside sam ples in either in travenous injectable or ophthalm ic 
form ulations w ere  obta ined  and analyzed  based on the d ev e lo p ed  separation and detection  
method. S am ples w ere diluted with d is tilled  w ater but no fu rth er sam ple treatm ent w as 
required. T he rep resen ta tive  chrom atogram s o f  the sam ples are  show n in Figure 5.18. For 
an intravenous am ikacin  sam ple, the determ ined  concen tration  is 252 ±  5.5 m g'm l. 
com pared to an expected  concentration o f  250 m g/m l: for an  ophthalm ic neom ycin 
sample, the de te rm in ed  concentration is 3.58 r  0.13 m g 'm l. com pared  to an expected 
concentration o f  3.5 m g'm l.
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Figure 5.16: Representative chromatogram s o f  the am inoglycoside standards. Separation 
uas achieved with the use o f  a Hamilton PRP-X200 SCX column. .Mobile phase: 0.7VI KBr.
1.5 mM sodium acetate buffer at pH 5.5. 1.2 ml/min: Postcoiumn reagent: 0.05 mM Cu(L- 
Trph. 4 mM sodium borate (Na^BjCM buffer at pH 8.8. 1.8 ml/min. Peak a: amikacin: b: 
kanamycin A: c: kanamycin B: d: neomycin. The masses o f  samples injected were (1) a:
293 ng: b: 242 ng: c: 242 ng: d: 307.5 ng: (2) a: 29.3 ng: b: 24.2 ng: c: 24.2 ng: d: 30.7 nu.
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A m inoglycoside Range in g i Regression equation* DL' ing' DL1' i ppm i R S D ^ l^ i
Am ikacin 29 - 5&o H =  55.5 r :  7 \  C 0 .9 9 8 6 -r : O.a; 2.2
Kanamycin A 2a .  a s .' H =  6.a *  2.0 x C 0  9997 9 5 0.9 ' 2.9
Kanamvcin B 2-i - a s* H =  5 .6 *  ! 0  \  C 0  9 99a la  5 ! a? 5.5
N eom s cm ■; - • 'I ' H = J 0  -  1 h \  C o  ooq s M > i IS i *
* H. peak, height. C. analwe mass infected tin ng) r Correlation coetn cien t *■ D eteaion  limit a Relative standard deviation <N = 5. 
tor 2°?  ng amikacin. 2 -2  ng Kanamycin A. 2 -2  ng kanamycin B and *07 5 ng neomycin iniected respectively *
Table 5.1: Characteristic parameters of the calibration graphs
and analytical figures of merit for the determination of four aminoglycosides
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Figure 5.17: Representative chromatograms of the aminoglycoside standards. Separation was 
achieved with the use o f a Hamilton PRP-X200 SCX column. Mobiie phase: 0.7V1 KBr. 1.5 mM 
sodium acetate buffer at pH 5.5. '..2 ml/min: Postcoiumn reagent: 0.05 m.M Cu(L-Trp)2. 4 mM 
sodium borate buffer at pH 8.8. i.8 ml/min. Chromatogram I: Peak a: hygromycin B (527 ng): b: 
ribostamycin (454.5 ng): c: tobramycin (467.5 ng): d: spectinomycin (332.5 ng). Chromatogram 2: 
Peak a: geneticin (496.7 ng): b: neamine (322.4 ngi. Peak x is an unknown impurity present in the 
spectinomycin standard.




T i m e  (m im
Figure 5.18: Representative chromatograms o f am inoglycosides in commercial 
formulations. Analyses were performed with the use o f  a Hamilton PRP-X200 SCX column. 
Mobiie phase: 0.7M KBr. 1.5 mM sodium acetate buffer at pH 5.5. 1.2ml/min: Postcoiumn 
reagent: 0.05 m.M Cu<L-Trpb. mM sodium borate buffer at pH 8.8. I.8mi/min. 
Chromatogram 1: a diluted ophthalmic neomycin sam ple (1:100 dilution): chromatogram 2: 
a diluted intravenous kanamycin A sample (1:10.000 dilution): chromatogram 3: a diluted 
ophthalmic tobrom ycin sample (3:100).
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5.3.3 Separation and Detection of Aminoglycoside Antibiotics in a Reversed Phase 
Ion Pair Chromatographic Mode
5.3.3.1 Optimization of Separation Conditions for Aminoglycosides
A m inoglycosides are d ifficu lt to retain  in a reversed phase chrom atographic m ode 
because o f  their strong  hyd roph ilic ity . In reversed phase ion -pair ch rom atography , the 
retention o f the am inog lycosides is based on the cationic nature o f  these com pounds. 
PFPA was chosen as the ion pairing  agen t in the m obile phase based  on the results o f  
prexious studies [122. 132]. The e lu tion  order o f the am inog lycosides correlates w ith the 
num ber o f am ino groups in these  com pounds, with spec tinom ycin . w hich possesses only 
tw o am ino groups, hav ing  the low est retention, while neom ycin , w ith  six am ino  groups, 
having the strongest re ten tion . The effects o f  PFPA concen tra tion  and  m ethanol 
com position o f  the m obile  phase  on the retention o f  the am inog lycoside  an tib io tics were 
studied. Figure 5.19 (a» show s the change in the capacity factor o f  the am inoglycosides as 
a function o f the m ethano l co m position  in the mobile phase at a  constan t PFPA  
concentration o f  30 m M . F igure 5.19 (b) shows the change in the capacity  factor o f  the 
sam e five am inoglycosides as a function o f  the concentration o f  the ion pairing agent. 
PFPA. at a constant m ethanol concen tra tion  o f 50% (by  volum e). T he reten tion  o f  the 
am inoglycosides increases as the concentration o f PFPA increases. R etention tim es 
decrease with increasing m ethano l concentration. These data suggest the retention o f  the 
am inoglycosides is con tro lled  by the concentration o f  the pairing  ions adsorbed on the 
stationary phase. Both d ecreasing  the PFPA concentration and increasing  the m ethanol
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
134
14
■»- S p e c t in o m y c in  
• -  A m k a c in  
K a n a m y c in  A  
K a n e m y c in  B 
**- N e o m y c in
_  10 -
35 40 45 50 60 6555
( a )  * /rffM ttian o <  ( b y  v o l u m e )
6 -
S p e c t i n o m y c i n  
- • - A m i k a c i n  
- • - K a n a m y c i n  A 
—  K a n a m y c in  B 
- s -  N e o m y c i n
a.
0 -
10 15 20 25 20 35 40
( b )  [ P F P A ] ,  m M
Figure 5 19: (a) Capacity factors o f  five aminoglycosides on a Supelcosil™ C1X 
column as a function o f  methanol percentage in the mobile phase. The 
concentration o f  pentafluoropropionic acid (PFPA) is 30 mM. (b) Capacity 
factors o f  five aminoglycosides in a Supelcosil™  CI8 column as a function of  
PFPA concentration.The methanol concentration is 50% by volume.
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com position  in the m obile phase resuit in decreasing  the concentration  or the ion -pairing  
agen t in the stationary  phase, leading to a w eaker reten tion  o f  the am inoglycosides. B ased 
on these results, it w as decided to use a PFPA  concen tration  o f  30 m.M and a  m e th an o l 
concen tra tion  o f  50%  (by volum e i for isocraticai elu tion o f  the am inoglycosides tested : 
spectinom ycin . am ikacin , kanam ycin A . kanam ycin  B and  neom ycin . The apparen t pH  o f  
the m obile phase w as set at 2 .!. since low er pH  m ay lead to increase the degrada tion  o f  
the s ilica-cased  stationary  phase.
5.3.3.2 Optimization of Chromatographic Detection Conditions
T he fluorescence profiles o f  0.1 m M  T rp  and 0.05 m.M C u (L -T rp h  in an aq u eo u s  
m ixture contain ing  30%  m ethanol as a function o f  apparen t pH  are given in F igure 5.3. 
C om pared  to an aqueous solution, in w hich 94 - 95%  o f  L -Trp fluorescence is q u en ch ed  
a t the optim um  pH . as show n in Figure 2.4. m ore than 96%  o f  the L-Trp fluo rescence is 
quenched  w ith the add ition  o f  30% o f  m ethano l into the so lu tion  w ithin an ap p ro p ria te  
pH range. W ith the introduction o f  m ethanol, the pH range for effective fluorescence 
quenching  is also significantly broadened, w hich allow s a w ider w orking pH range fo r 
detection .
The detection  reagent. 0.05 m.M Cu( L - T r p i n  30%  m ethanol, was added postco iu m n  
to the eluent via a m ixing tee. The pH o f  the postcoium n reagen t w as buffered w ith  40 
m.M sodium  borate (N a^B ^O -i solution. It w as found w ith  the addition o f  30%  o f  
m ethanol to the Cu( L-Trp b  solution, the postco ium n reagen t is stable over several days
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at pH 9.4. com pared to  a  m axim um  pH for long term  reagen t s t a b i l i ty  o f  9.0 for an 
aqueous solution w ith o u t added  organic m odifier. T he ch rom atog raph ic  peak intensities 
for rive o f  the am inog lycosides are shown in Figure 5 .20  as a function  o f  detection pH.
The signals increase in the  pH range from 8.1 to 9.4. A s ind icated  in Figure 5.20. the 
chrom atographic peak  in tensities for these five am in o g ly co sid es  increase in this pH range. 
A detailed exp lanation  on  how  detection pH affects th e  ch ro m ato g rap h ic  peak intensities 
v.as given in C hapters 3 and  4. The increasing fluo rescence effic iency  o f  L-Trp with 
increasing pH dom inates the chrom atographic signals in the  pH  range o f  8.1 to 9.4. 
C onsidering the increasing  baseline variability at low er postco iu m n  flow  rates, as show n 
in Figure 5.21. the p o s tco iu m n  flow  rate was set at 1.8 m l/m in  fo r the optim um  detection 
condition.
A representative ch rom atogram  is given in Figure 5 .22  for a m ixture o f  the rive 
am inoglycosides in jected  w ith  m asses on the o rder o f  ng in jected  under the optimized 
separation and de tec tion  conditions. A representative ch ro m a to g ram  is also presented in 
Figure 5.23 fo ra  m ix tu re  o f  three additional am inog lycosides. T he detection iimits for the 
rive am inoglycosides ran g e  from  1.7 ng injected for spec tin o m y cin  to 12.8 ng injected for 
kanam ycin B. Table 5.2 lists  the statistical perfo rm ance  o f  the detection .
Based on the separa tion  m ethod developed for the am ino g ly co sid es, detection using 
Cui L -T yri; as the p o s tco iu m n  reagent was also  stud ied . T he rep resen tative 
chrom atogram s for the  am inoglycosides obtained at d iffe re n t detec tion  pH s with Cu(L- 
T;. : as the postcoium n reagen t are given in Figure 5 .24 . F igure 5.25 indicates that the
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Figure 5.20. Chromatographic peak intensities as a function of detection pH. The amounts of 
samples injected were spectinomycin: 41.6 ng; amikacin: 73.2 ng; kanamycin A: 120.7 ng; 
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F igure  5.22: Representative chromatogram o f the am inoglycosides. Separation was achieved 
with the use o f a Sup elcosilT M  C ]S coiumn. Mobile phase: 50% methanol. 30mM PFPA. 
apparent pH 2.1. lml/min: Postcolumn reagent: 0.05 m.M C u(L-Trph in 30% methanol. 40 
mM sodium borate at an apparent pH 9.4. 1.8 mi/min. Chromatogram i. Peak a: 
spectinorm cin. S3.1 ng: peak b: amikacin. 146.4 ng: peak c: kanamycin A. 241.4 ng: peak d: 
kanamycin B. 241.4 ng: peak e: neomycin. 307.4 ng: Chromatogram 2: a diluted intravenous 
amikacin sample (1:20.000 dilution): chromatogram 3: a diluted intravenous kanamycin A 
sample (1:10.000 dilution): chromatogram 4: a diluted ophthalmic neomycin sample (1:100 
d ilu tion ).
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F ig u re  5 .23 :  R e p e t i t iv e  injections or a mixture con ta in in g  three a m in o g ly co s id e  
standards. Separation w a s  achieved with the use o f  a S u p e lc o s i l™  C !S co lum n. M obile  
phase: :>0°o m eth a n o l .  3 0 m M  PFPA. pH 2 .1 . Im l/m in: P o s tco lu m n  reagent: 0.U5 mVI 
C u iL -T r p n  in 30° o m eth a n o l .  40 m.M sodium  borate at an apparent pH 9 .4 .  1.8 m l/m in .  
Peak a: h y g r o m y c in  B ( 5 2 7  ng): b: r ibostam ycin (4 5 4 .5  ngj: c: tobram ycin  <467.5 ng).
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Arrunocr- R anee in s ' R epression  eauanon' D L ' 'n s i D L n i ppm R S D 'i^ .
S p e c t in o m y a n S .3 - 1 6 6 .2 H =  -0 A2 *  0  58 x C ; - 0 .1 7
r 
1
Arruka.'ir. |A s  - 586 H =  -0 55 -  0 .3 3  x C :  - 0 .2 2 2 5
Kunam'c:." A 2 a - a s  3 H =  -0  05 *  0  059 x C 1 i O 1 2 2 "
kanam  - -:r B 2 a  . a s  ■; H =  0  r, i -  0  i)5 \  C ' :  '
Nei’rp.'.:: • I - 0 15 H =  -I) A - u  u  r a ' 0  95 5 ..
* H. pc4x neishr. C. analyte mass mtected tin ng»  ^Detection limit * Relative standard deviation 1N = 5. tor S? 1 rvc 
>rcctinL'mvvin. I-J6 4 ng amikacin. 242 ng kanamycin A. 242 ng kanamvem B and .'07 5 ng neom ycin iniected respectivd> *
Table 5.2: Characteristic parameters of the calibration graphs 
and analytical figures of merit for the determination of aminoglycosides
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Figure 5.24: Representative chromatogram s o f the aminoglycosides obtained with Cu(L- 
T y rb  as the postcoiumn reagent at different detection pH. Separation was achieved with 
the use o f a Supeicosil™  C |s column. M obile phase: 50% methanol. 30 mM PFPA. 
apparent pH 2.1. lm lm in : Postcolumn reagent: 0.05 mM Cu(L-Tyr); in 30% methanol. 
40 m.M sodium borate 1.8 ml min. Peak a: spectinomycin. 332.4 ng: peak b: amikacin. 
5S5.b p.g: peak c: kanamycin A. 4S2.S ng; peak d: kanamycin B. 482.S ng: peak e: 
neomvcin. 614.8 nu.
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Figure 5.25: Chromatographic peak intensities as a function of detection pH. The amounts of 
samples injected were spectinomycin: 83.2 ng; amikacin: 146.4 ng; kanamycin A: 241.4 ng; 
kanamycin B: 241.4 ng; neomycin: 307.4 ng.
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peak in tensities o f  the five am inoglycosides decrease  as the pH increases in the range from  
S.l - 9.4. T his pH dependent pattern is a ttrib u ted  to the  decreasing fluorescence o f  L -T yr 
as the pH increases, w hich is indicated in F igure 5.1. C u(L -T rpb  generally provides 
chrom atographic peak intensities approxim ately  5 tim es the peak intensities when using  
Cut L -T yr b  as the postcolum n reagent. It w as co n c lu d ed  that C u (L -T rp )2 provides 
superio r detection  perform ance com pared to Cut L -T yr >2 as the postcolum n reagent for 
am inogiycosides under optim ized detection cond itions.
Representativ e chrom atogram s o f  the am ino g iy co sid es  obtained with gradient e lu tio n  
are presented in Figure 5.26. Those chrom atogram s w ere obtained by program m ing the 
m ethanol com position o f  the m obile phase. It is be lieved  the detection schem e is 
com patible w ith  gradient elution as long as the postco lum n  reagent has a strong enough  
buffering capacity  to m ake the detection pH  stab le  du ring  the elution.
C om m ercially  available sam ples o f  am inog lycosides in several form ulations w ere 
obtained and analyzed using the developed separa tion  and  detection m ethod. No sam ple  
pretreatm ent was required except for d ilu tion  w ith  d istilled  water. Sam ple chrom atogram s 
are presented  in Figure 5.21. For an in travenous kanam ycin  A sam ple, the determ ined 
original concentration is 325 r  10 mg ml. com pared  to a claimed 333 m g m l: for an 
ophthalm ic neom ycin sam ple, the determ ined orig inal concentration is 3.56 r  0.09 m g/m l. 
com pared to a claimed 3.5 mg/ml.
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Figure 5.26: Test chromatogram s o f the aminogiycosides with gradient elution. Separation 
was achieved with the use o f  a SupelcosilTN1 C|g column. Postcolumn reagent: 0.05 m.Vl 
Cu(L-Trpi: in 30% methanol. 40 mM sodium borate at pH 9.4. 1.8 ml/min. Chromatogram 
I: Mobile phase: 30% to 65% methanol in 4 minutes. 30 m.M PFPA. pH 2.1. lmi/min: 
Chromatogram 2: Mobile phase: 30% to 50% methanol in 4 minutes. 30mM PFPA. pH 
2.1. iml min. Peak a: spectinomycin. 1 16.2 ng: peak b: amikacin. 292.8 ng: peak c: 
kanam\cm A. 482.S ng: peak d: kanamycin B. 482.8 ng: peak e: neomycin. 614.S ng.
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5.3.4 Comparison o f  the Developed Detection Method for 
Aminogiycosides with other Detection M ethods
The detection  m ethod developed is free from  th e  p rob lem s encoun tered  when using  
derivatization  approaches, such as labor-in tensive sam p le  p repara tion  and derivative 
instability . A lso, com pared  to traditional p ostco lum n  deriva tiza tion  m ethods w hich m ay  
require several ml o f  m ixing volume, extracolum n bandbroadening  w as significantly 
reduced, due to the m inim um  m ixing volum e used in this study. The calculated num ber o f  
theoretic p lates for separation w ithout th e  add ition  o f  postco lum n  reagen t was 9909. 
com pared  to 9950 for the separation w ith the add ition  o f  a postco lum n  reagent w ith a 
fiow  rate o f  3.0 m l/m in. as shown in Figure 5.12. T hese  effic iencies are considered to be 
the sam e w ithin the m easurem ent variability, due to the  m in im um  m ixing  volum e 
introduced. Furtherm ore, the detection lim its ob ta ined  fo r am inog lycosides with the 
detection m ethods developed in this study are co m p arab le  to detec tion  lim its obtained 
from precolum n derivatization m ethods using e ither fluorescence [113] or L'V-VIS 
detection [ 133. 134]. w hich generally have detection  lim its around 10 ng injected on 
colum n or higher.
The detection  lim its in this study are also com p arab le  to the detection  limits ob ta ined  
for the w ell-developed puised electrochem ical detection  for the am inoglycosides, w hich 
range from 4 to 1 5 ng. N orm ally detection lim its as low  as several p icogram s can be 
achieved in the selected ion m onitoring (SIM ) m ode in H PL C -M S detection  in reversed 
phase liquid chrom atography  [17], H ow ever. for o p tim ized  de tection  o f  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
147
am inoglycosides in a SIM  m ode in H P L C -M S . reported ly  the detection lim its are in a 
range o f  i - 50 ng [135]. possibly due  to the effects  o f  the presence o f  nonvolatile  ion 
pairing  agents used in the ion pair chrom atography .
5 .4  C o n c lu s io n s
Indirect fluorescence detection based on  a  fluorescence displacem ent reaction  was 
applied  tor the detection o f  the am inog lycoside  an tib io tics following chrom atographic 
separation . This non-derivatization detection  schem e is free from many o f  the com m on 
problem s encountered when using conven tional derivatization  methods.
T his indirect detection m ethod w as dem onstra ted  for tw o chrom atographic separation  
m odes, cation exchange chrom atography and reversed-phase ion pair chrom atography, for 
detection  o f  am inoglycosides. D etection  lim its for both chrom atographic m odes are on the 
o rd er o f  low ng injected. R eversed-phase ion p a ir chrom atography proved to provide 
superio r separation efficiency for the am inog iycosides com pared to cation exchange 
chrom atography . The indirect fluorescence de tec tion  schem e was dem onstrated  to be 
com patib le w ith a mobile phase contain ing  a h igh  level o f  organic solvent m odifier in the 
reversed pnase ion pair chrom atographic m ode. In troduction o f  the organic m odifier to the 
m obile phase im proved the fluorescence quench ing  o f  L-Trp by C u(II) and broadened the 
detection  pH range.
D etection o f  the am inoglycosides w ith  Cu( L-Tyrly as the postcolum n reagen t was 
also studied. C u(L -T yr)2 provided in ferio r de tec tion  perform ance com pared to C u(L-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T rpi:- due to L -T y r 's  decreasing fluorescence effic iency  as the pH increases.
D etection lim its obtained with the developed  detection  m ethods correspond to a sub 
ppm  to low ppm  concentration  level w ith a 10 ul in jection volum e. The methods have 
been successfu lly  applied  to formulated pharm aceutical p roducts. Considering hum an 
serum  am inoglycoside ievels during adm inistrations are in the  range o f  0.5 - 30 ppm  [ 10]. 
this m ethod m ay be applicable to m onitoring serum  concen trations o f  the 
am inogiycosides.
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CHAPTER 6 
Summary and Future Studies
An indirect fluorescence de tec tion  m ethod has been developed for the  detec tion  o f  natural 
am ino acids, biogenic polyam ines and  am inoglycoside antib iotics fo llow ing  chrom atographic 
separation. This m ethod is based on  a  ligand displacem ent reaction be tw een  the analytes, which 
have superior nmding ability  for transition  metal ions such as C u :_ . w ith a  C u(II) -  L-Trp 
com plex Cui L-Trp i;. The fluo rescence o f  L-Trp is quenched w hen co m p lex ed  but its 
fluorescence recovers w hen d isp laced  from  the com plex. The increase in fluorescence is taken as a 
m easure o f  the presence o f  the analy te . System atic studies, both experim en ta l and  theoretical, 
w ere carried out to investigate the  effec ts  o f  experim ental param eters on  th e  detection  system, 
such as the stoichiom etric ratio fo r the displacem ent reactions, the de tec tion  pH . and the impact 
o f  an organic m odifier in the m obile  phase. The advantages o f  this m ethod o v e r  traditional 
detection methods include the fo llow ing:
1. Com pared to m ethods requ iring  p recolum n derivatization: 1 ). The tim e-consum ing  and 
labor-in tensi\e  sam ple p reparation  p rocess is avoided. 2). T he m ethod is a lso  free from  the 
problem s associated with the d eriva tiza tion . such as derivative degradation  and  the form ation of 
m ultip le d e r:\a m  e species.
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2 C om pared  to m ethods requiring postco ium n deriva tization : 1 >. The instrum entation  is 
s im plified  by rem oving the specially designed  postco lum n  reaction cham ber. 2). T he elim ination  
o f  the  postco lum n reac to r also s ign ifican tly  im proves the separation efficiency by reducing  
postco lum n bandbroadening  associated  w ith  reaction cham ber.
3. C o m p ared  to m ethods using electrochem ical d e tec tion , w hich is the m ost developed  
nonderiva tization  detection  m ethod: 1 ). T his m ethod is sim ple and robust. 2). E lectrode 
po ison ing  continues to be a problem  encountered  w hen  using electrochem ical detection .
C onsidering  the im portance o f  the am ino  acids, b iogenic am ines and am inoglycosides in 
bio logical and clinical studies, further investigations are  necessary to develop sim ple . s e n s iti \e  
and ro bust detection  m ethods for these com pounds fo llow ing  chrom atographic separation . 
D evelopm en t o f  this ind irect fluorescence detection  m ethod  is still in its p re lim inary  stage.
E fforts  cou ld  be expended  on a num ber o f  aspects to fu rther im prove the detec tion  perform ance 
based on this detection  schem e.
A s the first fluorescent agent tested  for this d e tec tion  approach. L-Trp o ffe rs  reasonab ly  
good detection  lim its for the am ino g roup-con ta in ing  species tested, generally in the low  pm ol 
in jected  range. H ow ever, sensitivity  is still lim ited by the  fluorescence effic iency  o f  the L-Trp 
m olecu le . F low  injection experim ents w ere conducted  by injecting the L-Trp in to  a flow  system  
w ith o u t the H PLC  colum n, indicating fo r the particu lar fluorescence detector u sed  in th is study, 
the de tec tio n  lim it for L -Trp is approx im ate ly  1-2 pm ol. The use o f  other fluo rescen t agents
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should be explored in the future, w ith the general criteria for the  candidate fluorescent agents
being:
1. It shouid possess a high fluorescence quantum  efficiency. T he  presence o f  analytes is 
inferred by the fluorescence o f  the candidate fluorescent agent. A  stronger fluorescence efficiency 
o f  the fluorescent agent sim ply results in a stronger chrom atographic signal fo r the analyte.
2. U pon binding to the transition m etal ions, the fluorescence o f  the fluorescence agent 
should be effectively quenched. The fluorescence quenching shou ld  be controlled  by the 
comple.xation between the m etal ions and the fluorescence agen t, since the detection scheme is 
based on a ligand displacem ent m echanism . The fluorescence quenching  provides a "dark" 
background for the chrom atographic baseline, thus significantly reducing the baseline noise level.
3. The affinity w hich the fluorescent agent has for the transition  m etal ion should  be
either w eaker or com parable to the affin ity  w hich the analyte has  for the transition  metal ion. If  
b inding interaction betw een the metal ions and the fluorescent ag en t is too strong, the 
com petition for binding to the transition m etal ions will favor the fluorescent agent, resulting in 
less o f  the tluorescence agent being displaced, thereby resulting in a w eaker fluorescence signal.
It may be fruitful to introduce structurally  m odified Trp analogs as the cand idate  fluorescent 
agents, since it can be reasonably assum ed that those analogs have sim ilar affinities for transition 
m etal ions as the unm odified Trp m olecule does. This m akes them  qualify- for the third criteria
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listed above, because Trp has proved to be effectively d isplaced by am ino acids, biogenic am ines  
and am inoglycosides from its Cu( I I ) com plex. A lthough the second factor above concerning the 
relationship betw een  binding and fluorescence quench ing  still needs to be tested for these analogs, 
the system atic w ork  described earlier in this study has paved the way for such investigations.
For exam ple. 5 -hydroxy-T rp  [136. 137] has a fluorescence efficiency approxim ately  2 tim es o f  
that o f Trp. w h ile  N -acetyl -Trp has a fluorescence effic iency  w hich is 1.25 tim es o f  that o f  T rp  
[b4]. Both o f  th ese  com pounds can be tested as cand idates  to replace T rp  as the fluorescence 
agent in future studies.
A lim itation w hen using Trp analogs as the cand idate  fluorescence agents how ever, is tha t 
fluorescence quan tum  efficiency o f  these com pounds can  not be significantly  increased com pared  
to Trp. A lthough fluorescence quenching by transition m etal ions has been studied extensively , 
care needs to be taken to choose other fluorescence agen ts concerning the third criteria listed 
above. Efforts need  to be expended to seek fluorescent agents that can be effectively d isp laced  
from their m etal com plexes by the analytes.
Studies can  also  be perform ed to incorporate the postco lum n reagent into the HPLC m ob ile  
phase or a C ZE running buffer. This will not only sim plify  the instrum entation required for the  
detection m ethod by rem oving the postcolum n pum p, but also avoid d ilu tion  o f  the analyte upon  
mixing with the postco ium n reagent. H owever, care should  be taken to assure the detection 
conditions are com patib le  with the separation cond itions for the analytes. For instance, the 
transition m etal com plex  m ay interfere w ith the separation  by interacting w ith the 
chrom atographic stationary  phase. In this sense, add ition  o f  the detection reagent into a C ZE
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running burr’er may be m o re  feasib le , since the separation in  a C Z E  sy stem  is determ ined  by the 
externalK  applied h ig h -v o ltag e  po ten tial, instead o f  the s ta tionary  p h ase , a lthough the effect o f  
the binding with the m etal ions needs to be considered.
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